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PREFACE

Research on the application of computational fluid dynamics methods to unsteady flows and aeroelastic analysis,
especially in the transonic range, is presently undergoing rapid development. In order to assess the applicability of such
newly developed prediction techniques for practical aeroelastic investigations of modern aircraft, standard aeroclastic
configurations for comparing calculated and measured dynamic acroelastic behaviour under high subsonic to transonic flow
conditions have been defined by the AGARD-SMP.

The present report ct. ,'ins experimental flutter data for the AGARD 3D swept tapered standard configuration "Wing
445.6", along with related descriptive data of the model properties required for comparative flutter calculations. Within a
cooperative AGARD-SMP programme guided by the Subcommittee on Aeroclasticity, this standard configuration may
serve as a common basis for comparisons of calculated and measured aeroelastic behaviour, in order to promote a better
understanding of the assumptions, approximations and limitations underlying the various aerodynamic methods applied.
thus pointing the way to further improvements.

H.Forsching
Chairman
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AGARD STANDARD AFROFLASTIC CONFIGURATIONS FOR DYNAMIC RESPONSE

I - WING 445.6

ABS7thACr

This report contains experimental flutter data for the AGARD 3D3 swept tapered standard configuration 'Wing 445.6",
along with related descriptive data of the model properties required for comparative flutter caliculations.

As part of a cooperative AGARD-SMP programme, guided by the Sub-Committee on Aeroelasticity, this standard
configuration may serve as a common basis for comparisons of calculaied and measured aeroelastic behaviour.

T~hese c imparisons will promote a better understanding of the assumptions, approximations and limitations undertying
the various aerodynamic methods applied, thus pointing the way to further improvements.

Le present rapport contient 1c5 donnits expeiimentates de flottement relatives A la configuration standard Wdaie
profilie en fliche A savoir -voilure 445.6" ainsi que des dldments descriptifs des caractiristiques du mod~lc requis Pour tes
caiculs comparatifs de flotteinent,

Dans le cadre d'un programme collaboratif AGARD-SMP, sous l'ei~de du sous-comit6 pour l'adro~lasticiti, cette
configuration standard peut servir de base commune pour l'itablisscment de comparaisons entre le compot tement
airodlastique reel et le comportement calcutW.

De telles ct':aparaisons perme!',iont une meilleure comprehension des hypotheses, approximations et contraintes qui sont
Ia base des diffirentes mdthodes a6rodynamiques appliqutiesasctuellcment, en laissant privoir ainsi Ic sens; des amdliorations
A venir.
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AGARD STANDARD AIRORLASTIC CONFIOURATIONS FOH DYNAMIC RESPONSF

I.-WINO 445.6

K. Cmtson Yates, Jr.
Interdisciplinary Research OffIce

NASA Langley Research Center
Hampton. Virginia 23665-5225

U. S. A.

SUMMARY

In order to promote the evaluation of existing and emerging unsteady aerodynamic
codes and methods for applying them t.ý aeroelastic problems, especially rot the
transonic range, a limited number or aerodynamic configurations and experimental
dyn,"Ic-response data uets are being designated by tile ACARD Structures and Materials
Panel as standards for comparison. This set is a sequel to that established several
years ago for comparisons of calculated and measured aerodynamic pressures and forces.
This report presents the Information needed to perform flutter oalouý4tions for the
first of the standard configurations for dynamic resPonse alone with the related
experimental flutter date.

SYMBOLS

X,Z coordinates along and perpendicular to chord line, reaction or chord
length from leading edge

r I calculated frequency of Ith undamped coupled vibration mode, Hz

xy., coordinates streamwise, spanwise, and perpendicular to chord plane
measured from wing root leading edge

Additional symbols used onl? in the appendix are defined therein.

INTRODUCTION

Several years ago, thw AGARD Structures and Materials Panel selectee seven two-
dimensional and five three-dimensioni standard lirtin-s-urface configurations (refs. i
and 2) to provide a common basis for comparison ot pressures and rorces calculated by
the emerging transonic unsteady eeiody iamb cde3s in order to assess how well these
methods model the essential flow physics. Results ocomputed by different methods for the
same wing geometry and flow conditions can be compared directly with each other and with
corresponding experimental aerodynamic data as a logical first step in establishing the
accurany and usefulness of these methods. Indeed, the configurations of references I
and " uav.) been used extensively for this Intended purpose,

It is also appropriate, however, to designate a similar set of configurations and
experimental-data sets as 'standard* for the comparison of transonic flutter
characteristics and dynamic response (either forced or turbulenoe-excited) in order to
assess now well these codes dthehe job for which they wore Intended. namely, predict
aeroelastIc behavior, Comparisons of calculated dynamic response with the experimental
data should promote a better understanding or the structural-dynamic consequen1',s of the
assuaptions, approximations, and limitations underlying the various Aerodynamic methods
and, hopetflly, point the way to further improvements.

In order to assess the suitability of configurations already tested and the
associated data for designation as *standard", a survey of AGARD member countries was
conducted (rot. 3) to maee candidates for the prospective set. Reference 3 listed sevrn
Isolated clean wings which were considered to be suitable as standard configurations,
but adequate experimental dynamic-reeptnae data existed for only four of them - three
swept wings and one unswept wing.

The first of these to be formally accepted as an AGARD standard is the family of
swept tapered wing models designated "Wing 445.6% in reference 3. Several aspects of
this configuretion and the associated experimental data should b& noted: (1) The

C
flutter tests, which were conducted both In air and in Freon-12
(dichlorodifluoromethan*), covered a very wide range of mass ratio (8.5 to 260 overall,.
At Mach number 1.0, meas ratio values were about 12, 34, and 250- the last two values
being for models of uniformly reduced stiffness. (2) The transonic dýp is fully
defined, including the supersonic side, and data extend also well into the subsonic
range (3) Very good repeatability of data was shown. (4) With one exception, the
models were cantilever-mounted from the 6unnel wall with no simulated fuselage.
Consequently, flow over the wing was not complicated by interference from that source.

*Freon is a registered trademark of E. I. DuPont de Nemours Co., Inc.
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(5) The models had neither twist nor camber and were tested at zero angle of attack.
Thus. the flutter data are not ocmplicated by the *treets of static aeroolastio
deforqation. finally, note that i limited amount or data was Obtained with models of
dif'erent mixes and with a Sting-mounted full-span model, but only In the low subsonic
range.

This report presents experimental flutter data ror these wing models, along with
related descriptive material and the model properties needed for flutter calculations.
Reference 4 contains all of the flutter data and required information with the exception
of the mode shapes of the natural vibration modem. Consequently, fot convenience, that
paper in Its entirety is Included herein as an appendix. The natural vibration modes
for two of the models of reference 4 have been oalculated by finite-element modeling and
ore presented here.

MODELS

Details or model geometry. construction, Identification, and physical properties
are given in the appendix. Some additicnal information is provided here.

Geometry

As Indicated In the appendix, three misis of wall-mounted models and one full-span
ating-mounted wing-fuselage model were used In the experimental inteutigation. All of
the wing panels were geometrically similar; however, the wing designation "445.60
derives from the geometry of the full-span wing-fuselage model. The first digit In this
number code iltdliatea the full-span aspect ratiol the second and third digits Indicate
quarter-ohord sweepbaok angle; and the fourth digit indicates the full-wing taper ratio.

All of the models had NACA 65AQQ5 airfoil stations in the streaswise direction.
The ordinates for that symmetrical airfoil are given in figure 23 of reference 5 and are
reproduced in table I herein. Reference 3 lncorrectly described the wing tips as
revolved. They were actually squared off.

Boundary Layers

Natural boundary-layer transition was permitted throughout the tests, and Reynolds
number (based on mean aerodynasio chord) va'ined from 0.5 million to 6.7 million. As
mentioned previously, the 3emispan models were attached directly to the tunnel wall with
no simulated fuselage. The wing root was thus immersed In the wall boundary layer.
Since the Lodel was cankilevered, hovever, little motion occurred near the root so that
portion or the wing contributod very little to the generalized aerodynamic forces
driving the flutter notion. Consequently, the effect or wall boundary layer on measured
flutter characteristics should not be significant as long as the boundary-layer
thickness Is a small fraotion of the model span. ror these teasts, the displacement
thickness of the wall boundary layer was 0.8 Inch or less.

Model Properties

The frequencies of the first four natural modea were measured for each model and
are given in table I of the appendix *long with the total wing-panel mass.
Representative measured .,ode lines for the semispan and full-span models are shown In
figures 6 and 1. respectively, of the appendix. Use of this information in the
calculation of the mode shapes, as well as recommendations for use in flutter
calculations, is discussed In this section.

Although the mode shapes were not measured for the models of reference 4, they can
be readily calculated by finite-element analysis (ref. 6) with the available information
and with the assumption that these solid models were of homogeneous. orthotropic
composition. Since most of the flutter data in Freon-12 and in air were obtained with
2.5-foot solid model 2 and with 2.5-foot weakened model 3. reepectively, those models
were chosen for the mode-shape computations.

In the analysis, the wing panel and integral tang used for cantilever mounting to
the tunnel wall were modeled with plate elements, specifically, EAL uncoupled composite
E43 elements (ref. 6). The wing panel was represented by a ten-by-ten array of
elements, the joint locations for which are listed in table 2 and shown in figures 1(a)
and 2(a). The nodes were equispaced in the spanwise direation and equispaeod along the
local *hord excpt for the sixth Joints along the chords which were slightly skewed to
give a better representation of the wing elastic axis.

Values of elastic moduli and Polsson's ratio representing the anisotropic character
of those laminated-mahogany wings were taken initially from reference 7, but were
modified slightly In order to duplicate as closely as possible the measured sodal
frequencies and node lines. The final values used for the shear midulus G and for
Young's modulus I along the grain were:

For solid model 2,

0 - O.1159xI6 psi. I * 1.lM6xlO6 psi. __F



For weakened model J.

G - O.05914?5lg0p6i, X . 4.70?20mO 6pol.

The value or Poissonos ratio weed for both wings was 0.310.

The calculated modal derlections and freq*,AnGoQI of the first SIR natural modes art
listed In table 3 for solid model c and in table 4 for weakened model 3. Contour plate
or the a component for the first five It these modes are shown in figurea I and 2.
respeotively, and oblique projections a!,, given in flour*e 3 and 4. Mode six is not
Included in figures I to 4 because at inveaves primarily are*-and-*ft motion (tabl~a
3(N) and J(I)). In this connection, note tha hikhtsPeto motion pictures or the flutter
motion (rot. 4) showed no visible tvidence or fore-.,i-art notion. Finally, note that
the modal deflectione have been normalised to yield a maerelieamm astrix that is
the Identity matrix, &nd If the modal deflections are regarded am dimensionlesa, these

generalised masloa are in units of lb i091n'lt .

To obviate the need for manual copylilg of modal data, the data presented in tables
2 to 4 have been Sent to COSMIC for diStribulon and may be obtained by requesting 'Nodal
Data for Wing 445.60 trom CO3MIC Softwnre Information Services. University of Georgia,
Athens, GA 30602, U.S.A., telephone (404) 542-3265. telex 610 754-3908.

Five or six modes should be more than sufficient to converge flutter solutions for
these wings. The sixth-mode calculated frrque.LCiGa are approximately seven tikes the
maximum experimental flutter frequencies. Moreover, the simple modifitd-atrip-anelymLS
flutter caloulations of reference 4 (appendix herein) were essentially converged with
only three modes. In addition, the results of those flutter calculations were not
particularly sensitive to variations in the Mode shapes, Consequently, the mode shapes
calculated for the two selected aodeal are considered to be suitable also ror the Other
models or raference 4 with the possible exception of the rull-span sting-mounted model.
The experimental flutter data for that model, however, are limited to virtually a single
condition at low Hach number. Consequently, it was not considered to be of sufficient
value to warrant a separate mode calculation.

In performing flutter ualculations for theme models, It is suggested that the
measured modal frequenciels for the particular model be used tor the first four modem.
Although measured values of structural damping coeffaicint were not given In reference
4, they were or the Qrder of 0.02. That talue is considered appropriate for all modes
in the flutter calculations. Flutter results from the modified-strip-analysis
calculations of reference 4 were not particularly sensitive to nominal variations in the
structural-damping value Used.

FLUTTER TESTS AND DATA

Details or the tunnel, apparatus, &ad test procedure are given In reference 4
(appendix herein). However, a few additional comments are appropriate. First, for the
teots in Frton-12 gas, the ratio of specific heats is 1.14 rather than 1.4 an it Is for
air. In addition, when performing comparative flutter calculations, attention should
focus on the physical properties and flutter data points for a particular model (listed
in tables I. i1. and III and plotted in figures 15 and 16 of reference 4). rather than
on the taired curves in the figures, Note In particular that differonaem between the
data points and the faired curves are not necessarily Indicative of experimental
scatter, but are caused primarily by differences in the properties of the modoIs used.
For tiample, the pattern or data points shoen in figure 16 for the 2.5-foot weakened
models In air at Hach numbers between O.l and 0.9 is also apparent In the cor.'esponding
modified-atrip-analyail results (figure 1T),

Finally. to facilitate direct comparison& between the results of vartous
computations, it is suggested that those results be presented In terms of the
nondimensional flutter-speed index and flutter-frequency ratio used In figure 16 of
reference 4. Moreover, to aid In the Interpretation at results, It is noted that for
wings with different sizes and/or different levels of mass and stiffness, but with the
same shape and distribution of mass and stiffness, them, nondimensional flutter
characteristics are functions only ot Mach number and mass ratio and hence are
represe•table am flutter surfaces. Thus. negleoting minor ditferencee In mass and
stiffness distributions for the wall-mounted models, the three curves shown In figures
16(a) and (b) of rerersn2oe 4 represent essentially three track& across the flutter speed
and frequency surfaces for the subject configuration. Further discuasior of the
interpretation and Implications of the flu',t*r surface are given In Appendix C of
reference S.
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Table 1.- Ordinates for MWAA SA004 Airfoil

Leading-edge radius% 0.00102 of chord

Trailing-edge radiua; 0.00010 of chord

0.0 0.00
.005 .00304
.0075 .00361
.01235 .00469
.025 .00647
.050 .00,75
.073 .01039
.10 .01313
.15 .01459
.20 .01645
.23 .01719
.30 .01092
.35 .01962
.40 .01997
.45 .01996
.50 .01954
.55 .01O0
.60 .01743
.65 .01586
.70 .01402
.75 .01193
.O0 .00967
.85 .00729
.90 .00490
.9S .00230

1.00 .00009
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Table 2.- Joint Locations (in Inches) for Plate-Element Nodela

Joint x y I Joint x y z

1 0. 0. 0. 62 .x616&+02 .15"0"040 0.
2 .121160001 0. 0. 63 .U66923"02 .15000M00 0.
3 .4313003.0 0. 0. 64 .30SIS4154 .1500009M 0.
4 .69"60001 0. 0. 6S .323383&lU .150000f03 0.
S .67400m601 0. 0. 6 .3416103.03 .IS00003.0 0.

6 .10900603 0. 0. 67 .1)111M30 .1600003.2 0.
7 .13176004,U 0. 0. 68 .206616.42 .160000@.0 0.
6 .13S7306•. 0. 0. 69 .226•113.02 .16000083. 0.

.1756W66.03 0. 0. 70 .24364114-.0 .160000in+02 0.
10 .19764W0.0 0. 0. 71 .261133303 .190000@+U 0.
11 .21,6000•03 0. 0. 72 .2610003. .1600003+02 0.
12 .311608.01 .3000003H01 0. 73 .21606o302 .1600003.02 0.
13 .S307961%01 .300000.01 0. 74 .313%671.02 .11000203M 0.
14 .7439133*01 .3000001+01 0. 7S .33104U302 .1600008M* 0.
is .5406301 .3000000U 0. 76 MS"RM.349.0 00006.0M 0.
16 .165006.+02 .3000001+01 0. 77 .230162+0•0 .210000502 0.17 .1xSOm+02 .300000•1k 0. 78 .2230(U"2 . 210D01W02 0.

18 .1S914W302 .300000&01 0. 79 .231797•'+0 .210000*.02 0.
19 .1803619+02 .3000003401 0. 80 .2565333+02 .21000030.0 0.
30 .205751%02 .300O01 0. K1 .273•36W03 .3100003.+0 0.
21 23376632 .300000&01 0. 12 .2000302 .31000U+02 0.
22 .2440023.02 . 30000.1 0. 63 .309001t+032 .310000+.02 0.
33 .63733.01 .600000&01 0. 64 .3n3473N+02 .2100001+02 0.
34 .841"W26.01 .6000003+01 0. 05 .340309.t02 .210000+.02 0.
35 .10466W3.02 .6000003+01 0. 66 .3569448+02 .2100003+02 0.
26 .125134r403 .600000&01 0. 86 .3736791.03 .3100003+0 0.
27 .145601.030 .600000501 0. N .3104149+03 .2100001.02 0.
28 .166000,+u2 .6000003.01 0. 89 .2549Mi+.02 .240000302 0.
29 .1665353.02 .600000&010 90 .270917".2 .2400008.02 0.
30 .207002W302 .6000000.01 0. 91 .26063t+.0 .2400003+02 0.
31 .2274701302 .6000001.01 0. 92 .302393+02 .2400003+02 0.
32 .2479371+02 .6000008+01 0. 93 .3166M33+02 .2400001+03 0.
33 .2U64040.02 .600000601 0. 94 .337000302 .2400003+03 0.
34 .SS3"+0601 .1000003.1 0. 95 .350861R+02 .240000+.02 0.
35 .1153195+02 .1000004.01 0. 96 .3663850332 .2400001+02 0.
36 .13S0403.02 .000003+01 0. 97 .M3$391902 .240W0U.3 0.
37 .IS47109*02 .9000061 0. 6 .3U1663702 .;40001. 0.
38 .1744613.03 .900000&.01 0. 91 .414163+.03 .2400001+02 0.
39 .195000+.02 .100000301 0. 100 .346794.+03 .2700002+03 0.
40 .2139233.02 .9000009+01 0. 101 .3020371+02 .270000E+02 0.
41 .2336446+02 .900000101 0. 102 .3172793+02 .27000302 0.
42 .2533641+01 .900000&01 0. 103 .332S313+02 .2700003.03 0.
43 .2730655.03 .100000+01 0. 104 .3477643.02 .3700001.02 0.
44 .3120606302 .0000&01 0. 105 .367000t+02 1700003.02 0.
45 .127464W.2 .1200006.02 0. 106 .3793493.02 .2700003.02 0.
46 .146436302 .1200006+02 0. 107 .3934911.02 .270000R+02 0.
47 .1654133+02 .1200002.02 0. 108 .4067333+02 .27000019+02 0.
48 .164367302 .1200003+02 0. 109 .423976P+02 .2700003+02 0.
49 .3033620-02 .12000030 0. 110 .439•313+02 .2700003.02 0.
so .3330006.03 .1200003.02 0. 111 .318602.02 .3000001+02 0.
$1 .2413106.02 .1200009+02 0. 112 .3331563.02 .3000001+02 0.
52 .3603265s02 .1200006.02 0. 113 .3476523.2 .3000003+02 0.
53 .2792516903 .1200011403 0. 114 .3621463.02 .30000+02 0.
54 .216346•02 .1200005+03 0. 115 .3766443+02 .3000001+02 0.
55 .317203U.02 .12000013.2 0. 116 .3950003+02 .300000.+02 0.
56 .1593306.02 .IS00006+02 0. 117 .4056313.02 .3000008402 0.
57 .1775560402 .ISO0000O2 0. 116 .42013•2+02 .3000003+02 0.
58 .1957166+02 .150000302 0. 119 .4346268&02 .3000003.02 0.
59 .2140146+02 .S100003.02 0. 120 .4491243.02 .3000003.03 0.
60 .23a2429+02 .150000&+02 0. 121 .4636201+02 .3000003+02 0.
61 .3520006.03 * 100006403 u.

4-I- I I- I I I II II II iilillI IIIIIIIi I li~ il Ill l i ll l I
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Table 3.- Calculeted Nodal " uencles and Detlectlonu
for 2.5-Foot 8ol d Nodel 2

(a) Node 1, f1 m 14.1201 km

JOh x y z d/xdd

1 .9611-10 .1049-06 -. 784"31 .5411-02 -. 240041
2 .1273-09 .6765-09 -. 3213-01 .3658-02 -. 196-01
3 0. * 0. * 0. * 0. * 0.
4 0. * 0. * 0. * 0. * 0.
5 0. * 0. * 0. * 0. * 0. *
6 0. 0 0. 0. * 0. * 0.
7 . * C. 0. 0 0. * 0. *
* 0. * 0. 0. 0. * 0. *
* 0. 0. 0. 0. 0.

10 -. 6303-09 - .1448* 06 -. 4563901 .101W00 .160-802
11 -. 6073t-09 -. 237"-0 -. 771141 .24U+.00 -.2558-01
12 .6268-09 .5533-0 .236"l0 .2178-01 -. 1962-01
13 .46-9 .164-09 .636-01 .3,9,-01 -. 154,-1
14 .437,-09 .922S-10 .. S6-01 .5638-01 -. 1628-01
15 .3713-09 -. 17510 .139.00 .42501 -. 1903-01
16 .3643-09 -. 13009 .16. .11000 -. 23201
17 .361&.0 -. 2671-09 .23".00 .139,,00 -. 227-01
16 .4308-09 -. ,468- . 3o07.00 .176t.00 -. 257"-01
19 533- 9 -.793-09 .391"m .3150+00 -. 327801
20 .6438-09 -.15,-0" .20.0+0 .242.+00 -. 0734-01
21 .650-09 -. , 247-0 .6831+00 .119+o00 -. 1003.00
22 .4913- -. 3362-0 .6953+00 .338.+00 -. 1193000
23 .99013-09 .2769- .2603.00 .3343-01 -. 5241+01
24 .9463-09 .1639-09 .3961800 .1138100 -. 595-01
25 .942l-09 -. 3528-10 .5268+0 .1478.00 -. 663101
26 .960&-9 -. 1768-09 .6743.0 .1638.00 -. 734"1l
27 .101-0 -. 67"-09 .636+300 .2231.00 -.6173-01
26 .1103-06 -. 9163-09 .1023.01 .2628.00 -. 9198-01
29 .1238-08 -. 1363-08 .1231301 .303.+00 -. 1061+00
30 .1363-06 -. 1973-06 .1463+01 .3431800 -. 1263+00
31 .1461-06 -. 2693-00 .1773.01 .3653+00 -. 1453100
32 .1460?- -. 3478-08 .2113.01 .4308+00 -. 1673400
33 .1443-0 -. 4313-08 .2503+01 .4693+00 -. 1973+00
34 .1603-0 .1568-09 .92934+0 .. 173+00 -. '171500
35 .1683-08 -. 1213-09 .117E,01 .2087.00 -. 12s8400
36 .1743-08 -. 468m-09 .143.+01 .2463.00 -. 1353+00
37 .11630-0 -. 866-09 .1713+41 .2840.0 -. 1471.00
38 .1933-08 -. 1329-08 .2021+01 .3237+00 -. 1613+00
39 .2073-08 -. 1682-08 .2373101 .3653+00 -. 1773+00
40 .2203-06 -. 242D-08 .2734+01 .4033+00 -. 1963800
41 .2303-06 -. 3083-08 .3143+1 .4413+00 -. :'179+00
42 .2373-08 -. 3082-06 .3603.01 .479B300 -. 240&300
43 .2403-6 -. 4588-08 .4103+01 .5173+00 -. 2669+00
44 .2413-0 -. ,538106 .4663+01 .5498300 -. 2983800
45 .263308 -. 2933-09 .208+01 .2713+00 -. 1676300
46 .2723-08 -. 7223-09 .2459301 .306.+00 -. 2003+00
47 .2618-06 -. 1213-08 .285341 .3428+00 -. 2133+00
46 .2923-08 -. 1731-06 .3271+01 .3783+00 -. 228300
49 .3043-08 -. 22W30OS .3726+01 .4143+00 -. 2449+00
50 .3163-06 -. 2923-08 .4221+01 .4503+03 -. 2643+00
51 .3273-06 -. 35432-0 .4721+01 .4833+00 -. 2633+00
52 .3363-0 -. 4233-06 .5293801 .4516+00 -. 3053.00
53 .342C-06 -. 4963-08 .5893+01 .54U3+00 -. 3282+00
54 .3463-08 -. 5733-08 .6543401 .573+00 -. 3541.00
55 .3483-08 -. 6533-0 .7258.01 .598X+00 -. 3908+00
56 .388-08 -. 1043-08 .3763.01 .3663+00 -. 2648+00
57 .3963-06 -. 1593-06 .4263.01 .3963+00 -. 27688+00
58 .4053-0 -. 2183-08 .4788+01 .4303.00 -. 2923+00
59 .4153-06 -. 2763-06 .5338+01 .4613+00 -. 3088+00
60 .4258-08 -. 3401-08 .5913,01 .4913+00 -. 3252+00
61 .4363-0 -. 4103-06 .6583401 .5231+00 -. 3458+00

-w

1+ .:i



Table 3.- Continued

(a) Concluded

Joint x y z dzldx dz/dy

62 .444E-08 -.471E-08 .717E+01 .548E+00 -. 362E+00
63 .452E-08 -.541E-0S .785E+01 .574E+00 -. 383E+00
64 .458E-OS -. 614E-OS .8573.+01 .5995+00 -. 406E+00
65 .461E-08 -. 690E-08 .934E+01 .620E+00 -. 430E+00
66 .463E-08 -. 768E-08 .102E+02 .6295+00 -. 468E+00
67 .524E-08 -. 204E-08 .5963+01 .452E+00 -. 3389+00

6 .50-8 -. 2661E-08 .1083+02 .6155+00 -.450E+00
7'9 .5379K-OS -. 329E-08 .116E+02 .6315+00 -.4713+00
76 .5823-08 -. 806E-08 .124E+02 .6530+00 -.4945+00
77 .5843E-08 -.885-08 .15335+02 .6425+00 -. 325E+00
78 .5663E-08 -.5320E-08 .862E+01 .579E+00 -.405E+00
79 .5687-08 -.35K2-OS .998E+01 .596E+00 -.4317E+00
80 .574E-00 -.450E-08 .100E+02 .656E+00 -.450E+00
81; .579E-08 -.733E-08 .1085+02 .631E+00 -.471E+00
82 .684E-08 -.5806E-08 .115E+02 .65E8+00 -. 456E+00
83 .691E-08 -.680E-08 .1245+02 .6153+00 -.4735E+00
784 .695E-08 -.7120E-08 .131E+02 .626E+00 -.4805E+00
85 .6700-08 -.7801-08 .1391E+02 .5475+00 -.5437+00
86 .6703E-08 -.8481E-08 .100E+02 .56465+00 -. 422E+00
87 .67053-08 -.9185E-08 .1575+02 .6525E+00 -.5423E+00
88 .707E-08 -. 9875-08 .1665E+02 .638E+00 -. 45815+00
89 .801E-08 -. 4655-08 .117E+02 .6578+00 -.4739,+00
90 .8035-08 -. 711E-08 .1231+02 .620E+00 -. 4693+00
91 .706E-08 -. 5760E-08 .1325+02 .6037E+00 -. 5479+00
92 .8103E-08 -. 6405-08 .139E+02 .6146E+00 -.4905+00
93 .8145-08 -.7035-08 .147E+02 .65233+00 -.5402E+00
94 .8193-08 -. 9775-08 .157E+02 .6325+00 -. 58175+00
895 .8225-08 -. 8315-08 .164E+02 .6378E+00 -. 45285+00
96 .825E-08 -.8511-08 .1724z+02 .6425+00 -.5435E+00
97 .827E-08 -. 97603-08 .181E+02 .6455+00 -.559E+00
98 .8285-08 -. 14035-07 .13905+02 .61445+00 -.5705+00
99 .8295-08 -. 7095-07 .200E+02 .622E+00 -.602E+00
100 .8934-08 -. 7578-08 .1505+02 .612E+00 -.4983+00
101 .822E-08 -.6415-08 .1575+02 .617E+00 -.5063+00
102 .9373-08 -.895E-08 .175E+02 .6423E+00 -.5143E+00
103 .839E-08 -.763E-08 .1735+02 .6527+00 -.5259+00
104 .942B-08 -.8243E-08 .191E+02 .630E+00 -.5343+00
105 .8944-08 - .1900-08 .1200+02 .633E+00 - .616E+00
106 .93465-08 -. 9578-08 .1950+02 .634E+00 -. 4575+00
107 .94E-8KO -. 601-07 .206E+02 .634E+00 -. 57063+00
108 .949E-OS -.1075-07 .2165E+02 .62325+00 -. 5853+00
109 .949E-08 -.113E-07 .2243E+02 .6293+00 -. 60239+00
1104 .950E-08 -. 119E-07 .2345+02 .63055+00 -. 53415+00
101 .944E-08 -.7093-08 .1855+02 .6265+00 -.5245E+00
112 .106E-07 -. 768E-08 .1923,+02 .624E+00 -. 5257+00
113 .1063-07 -. 8265-08 .200m+02 .6245,+00 -. 5353+00
114 .1063-07 -. 8845-08 .2083+02 .63235+00 -. 5453+00
115 .1065-07 -.9413E-08 .2165+02 .6233+00 -.5602+00
116 .105O-07 -. 119E-07 .2265+02 .6233+00 -.5703+00
117 .1075-07 -.1068E-07 .1232+02 .6223+00 -. 5795+00
113 .107E-07 -.1115-07 .2415+02 .6215+00 -. 5925+00

119 .107E-07 -. 1175-07 .2493+02 .6185+00 -.6708E+00

120 .107E-07 -. 123z-07 .258E+02 .615E+00 -. 629E+00
121 .107E-07 -. 1293-07 .268E+02 .5983+00 -. 707E+00

" ' ............................................................................



Tablo 3.- Continued

(b) Mod. 2, f2 - 50.9125 Hz

Joint x y z dz/dx dzly

1 .205L -05 .2181-04 -. 4571+00 .8441-01 -. 1463+00
2 .2691-05 .141E-04 -. 200•+00 .710E-01 -. 123E+00
3 0. * 0. * 0. * 0. * 0. *
4 0. * 0. * 0. * 0. * 0. *
5 0. * 0. * 0. * 0. * 0. *
6 0. * 0. * 0. * 0. * 0. *
7 0. * 0. * 0. * 0. * 0. *
8 0. * 0. * 0. * 0. * 0. *
9 0. 0 0. * 0. 0 0. D 0.

10 -. 1441-04 -. 302E-04 -. 799E+00 -. 150I+00 .523E+00
11 -. 145E-04 -. 493E-04 -. 2643+01 -. 8361-01 .98613+00
12 .131E-04 .1161-04 .293z+00 .214E+00 -. 1228+00
13 .113E-04 .397E-05 .4853+00 .284E+00 -. 9011-01
14 .9023-05 .2191-05 .603E+00 .371E+00 -. 494E-01
15 .751E-05 .1861-07 .665E+00 .421E+00 -. 2459-01
16 .722E-05 -. 2231-05 .663E+00 a31E+00 .1341-01
17 .7393-05 -. 5013-05 .574E+00 .398E+00 .6631-01
18 .8163-05 -. 9563-05 .323E+00 .292E+00 .145E+00
19 .999E-05 -. 1591-04 -. 151E+00 .126E+00 .2863+00
20 .118E-04 -. 314E-04 -. 122E+01 .710E-01 .6233+00
21 .1171-04 -. 5111-04 -. 311E+01 .1751-01 .107E+01
22 .8011-05 -. 7061-04 -. 606E+01 .8491-01 .1603+01
23 .2043-04 .611E-05 .196E+01 .617E+00 -. 2203+00
24 .1943-04 .4011'-05 .231E+01 .714e+00 -. 160E+00
25 .1923-04 .1433-06 .250E+01 .7853+00 -. 709"l01
26 .194E-04 -. 474E-05 .2503+01 .817E+00 .388W-01
27 .202E-04 -. 107E-04 .226-+01 .802E+00 .1753+00
28 .2171-04 -. 179E-04 .170E+01 .745E+00 .349E+00
29 .2411-04 -. 2721-04 .735E+00 .649E+00 .575E+00
30 .2693-04 -. 4011-04 -. 773E+00 .553E+00 .896E+00
31 .2831-04 -. 5561-04 -. 299E+01 .471E+00 .1263+01
32 .2801-04 -. 7271-04 -. 601E+01 .4103+00 .1673+01
33 .2743-04 -. 910E-04 -. 102E+02 .524E+00 .228E+01
34 .3281-04 .431E-05 .526E+01 .113E+01 -. 227E+00
35 .343E-04 -. 112E-05 .552E+01 .119E+01 -. 8691-01
36 .3561-04 -. 810E-05 .548E+01 .123E+01 .935E-01
37 .371E-04 -. 164E-04 .507E+01 .1233+01 .2993+00
38 .391E-04 -. 259E-04 .422E+01 .119E+01 .537E+00
39 .4171-04 -. 3731-04 .280E+01 .113E+01 .8253+00
40 .442E-04 -. 4963-04 .943E+00 .1063+01 .113E+01
41 .4621-04 -. 6393-04 -. 165E+01 .983E+00 .1493+01
42 .474E-04 -. 798E-04 -. 498E+01 .9163+00 .188E+01
43 .479E-04 -. 971E-04 -. 911E+01 .8713+00 .230E+01
44 .4781-04 -. 115E-03 -. 1451-02 .1073+01 .299E+01
45 .544E-04 -. 416E-05 .986E+01 .167E+01 -. 2253-01
46 .5621-04 -. 1291-04 .966E+01 .168E+01 .204E+00
47 .5811-04 -. 2303-04 .900E+01 .168E+01 .466E+00
48 .602E-04 -. 342E-04 .783E+01 .165E+01 .751E+00
49 .6261-04 -. 463E-04 .6103+01 .160E+01 .1063+01
50 .6511-04 -. 600E-04 .367E+01 .153E+01 .141E+01
51 .6721-04 -. 738E-04 .777E+00 .146E+01 .175E+01
52 .6903-04 -. 893E-04 -. 2891+01 .1393+01 .212E+01
53 .7031-04 -. 1061-03 -. 728E+01 .1343+01 .251F3+01
54 .7111-04 -. 1243-03 -. 1253+02 .131E+01 .2933+01
55 .7141-04 -. 1421-03 -. 189E+02 .160E+01 .3693+01
56 .8131-04 -. 1921-04 .1513+02 .2193+01 .4163+00
57 .831E-04 -. 3081-04 .1403+02 .215E+01 .703E+00
58 .8501-04 -. 4341-04 .124E+02 .211E+01 .102E+01
59 .8711."4 -. 566E-04 .1033+02 .2053+01 .1353+01
60 .8931-04 -. 7043-04 .7513+01 .198E+01 .1693+01
61 .9161-04 -. 8621-04 .3803+01 .191E+01 .207E+01

'4
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Table 3.- Continued

(b) Concluded

Joint x y z dZ/dx dz/dy

62 .9343-04 -. 1003c-03 .7633-01 .1843+01 .2393+01
63 .9513-04 -. 116E-03 -. 461E+01 .1783.01 .275E.01
64 .964E-04 -. 1331C-03 -. 9983+01 .173E.01 .3143.01
65 .972E-04 -. 151E-03 -. 161E.02 .173E.01 .3563+01
66 .976D-04 -. 170E-03 -. 235E.02 .210E+01 .436E+0167 .1123-03 -. 4013-04 .200E.02 .264E+01 .1053+01
Sa .113E-03 -. 5373-04 .179E+02 .255E+01 .1363.01
69' .1153-03 -. 6789-04 .152E+02 .24U,01O .1693.01
70 .117E-03 -. 823&-04 .120E.02 .2413+01 .2033.01
71 .1183-03 -. 972M-04 .814E.01 .2333+01 .237E+01
72 .1213-03 -. 115E-03 .3073.01 .225E+01 .275E+0173 .122E-03 -. 1283S-03 -. 1295+01 .219E+01 .304E+01
74 .124E-03 -. 1453-03 -. 6903.01 .2143+01 .338E+01
75 .1253-03 -. 162E-03 -1313.+02 .211E+01 .375E+01
76 .126E-03 -179E-03 -200E+02 .2143401 .415E+01
77 .1263-03 -197r,03 -282E+02 .260E+01 .4973.01
78 .1443-03 -6553-04 .240z.02 .3003.01l .1803+01
79 .14539-03 -. 803E-04 .207E+02 .287E.01 .2113.01
80 .146"-3 -. 9543-04 .169E+02 .279E+01 .243E+01
81 .148E-03 -. 111E-03 .126E+02 .270E.01 .274E+01
82 .149E-03 -. 126E-03 .779E.01 .263E+01 .305E+01
83 .1513--03 -. 144E-03 .169E.01 .255E+01 .339E.0184 .152E-03 -. 1575-03 -. 3393.01 .251E+01 .365E.01
85 .154E-03 -. 173E-03 -. 9753.01 .248Z+01 .396E+01
86 .1543-03 -. 1903-03 -. 1673.02 .2483+01 .429E.0187 .1553-03 -. 2043-03 -242E.02 .2543+01 .466E+01
88 .155E-03 -. 224E-03 -329E+02 .3103+01 .5503+01
89 .177E-03 -. 944E-04 .264E+02 .324E.01 .2593.01
90 .178E-03 -. 110E-03 .220E+02 .310E+01 .2863.01
91 .1793-03 -. 125E-03 .172E+02 .301E+01 .3143+01
92 .18035-03 -. 140E-03 .120E+02 .293E.01 .340E.01
93 . 181E-03 -. 155E-03 .637E+01 .287E+01 .366E+01
94 .182E-03 -. 173E-03 -. 512E+00 .2833,+01 .396E+01
95 .1833-03 -. 1863-03 -.6143+01 .281E+01 .418Z.01
96 .184E-03 -. 202E-03 -.1303+02 .281E+01 .4456+01
97 .1853-03 -. 217E-03 -. 204E+02 .284E+01 .474E.01
98 .1853-03 -. 2333-03 -. 282E.02 .294E+01 .5083+01
99 .185E-03 -. 2493-03 -. 3723.+02 .356E+01 .593E.01

100 .2093-03 -. 1263-03 .268E+02 .3383+01 .3323+01
101 .210E-03 -. 141E-03 .216E+02 .3233+01 .354E.01
102 .2103-03 -. 156E-03 .1603+02 .316E.01 .374E.01
103 .2113-03 -. 170E-03 .1023+02 .311E+01 .3953.01
104 .2123-03 -. 185E-03 .4013+01 M~9E+01 .4163+01
105 .213E-03 -. 203E-03 -.4243+01 .308E+01 .4443.01
106 .213E-03 -. 2143-03 -.9313+01 .309E+01 .4603.01107 .214E-03 -. 2293-03 - .165E.02 .3123.01l .4843.01
108 .2143-03 -. 2443-03 -. 2413.02 .3183.01 .5113+01
109 .215E-03 -. 259F-03 -. 3223+02 .328E+01 .5433.01
110 .2153-03 -. 274F-03 --.413E+02 .386E.01 .6293+01
ill .240E-03 -. 157E-03 .253z+02 .3403+01 . 813.01112 .2403-03 -. 1723-03 .1963.02 .3303+01 .4023+01
113 .2413-03 -. 186E-03 .136E+02 .3293.01 .4173+01
114 .2413-03 -. 1993-03 .7473+01 .329E.01 .435E+01
115 .242E-03 -. 213E-03 .103E+01 .330E+01 .455E+01
116 .2433-03 -. 231E-03 -. 7543,+01 .3323+01 .4803.01
117 .2433-03 -. 2413-03 -. 1273.02 .335E+01 .496E+01
118 .2443-03 -. 2563-03 -.2013+02 .339E+01 .5213.01119 .244E-03 -. 270E-03 -. 279E.02 .3463+01 .5513.01
120 .2443-03 -. 284E-03 -. 3623.02 .3563.01 .5943.01
121 .244E-03 -. 299E-03 -. 4655.02 .395E3ý01 .7683+01

A q
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Table 3.- Continued

(c) Mode 3, f3 - 68.9416 Hs

Joint x y z dz/dx

1 .9323-07 .1001-05 .232E+00 -. 1903-01 .69213-01
2 .1233-06 .650E-06 .9413-01 -. 128E-01 .5193-01
3 0. * 0. * 0. * 0. * 0. *
4 0. * 0. * 0. * 0. * 0. *
5 0. * 0. * 0. * 0. * 0. *
6 0. * 0. * 0. * 0. * 0. *
7 0. * 0. * 0. * 0. * 0. *
a 0. * 0. * 0. * 0. * 0. *
9 0. * -0. 0 0. * 0. * 0. 10

10 -. 633c-06 -. 1393-05 -. 644z+00 -. 8515+00 .472E+00
11 -. 6273-06 -. 226E-05 -. 2605+01 -. 892E+00 .1143+01
12 .6023-06 .5315-06 -. 6623-01 -. 560E-01 .4551-01
13 .5233-06 .1803-06 -. 1736+00 -. 886E-01 .3303-01
14 .4183-06 .951W-07 -. 272E+00 -. 1509+00 .3963-01
25 .351E-06 -. 6913-08 -. 4038+00 -. 222E+00 .5693-01
16 .3403-06 -. 112E-06 -. 589&.0ý -. 3171+00 .798r-01
17 .3513-06 -. 241E-06 -. 8341+vO -. 439E+00 .1103+00
18 .3923-06 -. 4513-06 -. 1253+01 -. 6319+00 .174E+00
19 .483E-06 -. 742E-06 -. 1913+01 -. 367z+00 .323E+00
20 .5753-06 -. 146"+05 -. 3313+01 -. 9123+00 .72S5+00
21 .5763-Ot -. 2353-05 -. 5693+01 -. 1011+01 .139E+01
22 .4153-06 -. 3243-05 -. 9773+01 -. 7615+00 .2299+01
23 .943E-06 .2743-06 -. 6753+00 -. 173z+00 .1153+00
24 .8993-06 .1721-06 -. 9661+00 -. 2283+00 .146E+00
25 .8933-06 -. 110E-07 -. 134E+01 -. 2943+00 .193B+00
26 .905E-06 -. 239E-06 -. 1843+01 -. 376E+00 .2583+00
27 .946E-06 -. 5133-06 -. 251E+01 -. 4723+00 .354E+00
28 .1023-05 -. 846E-06 -. 3423+01 -. 5863+00 .4943+00
29 .1143-05 -. 127E-05 -. 471E+01 -. 701E+00 .7103+00
30 .128E-05 -. 1863-05 -. 6571+01 -. 771E+00 .1063+01
31 .135E-05 -. 2563-05 -. 921E+01 -. 7865+00 .146E+01
32 .133E-05 .-. 3333-05 -. 128E+02 -. 7193+00 .198E+01
33 .131E-05 -. 415E-05 -. 185E+02 -. 303E-01 .318E+01
34 .1523-05 .177E-06 -. 193E+01 -. 238E+00 .238E+00
35 .1593-05 -. .794E-07 -. 248F+01 -. 2593+00 .306E+00
36 .1653-05 -. 405f-06 -. 321E+01 -. 284E+00 .399E+00
37 .173E-05 -. 7853-06 -. 4141+01 -. 3113+00 .5233+00
38 .1823-05 -. 1223-05 -. 536E+01 -. 3353+00 .6893+00
39 .195E-05 -. 174E-05 -. 703E+01 -. 3451+00 .919E+00
40 .2063-05 -. 2303-05 -. 904K+01 -. 323E+00 .1193+01
41 .2163-05 -. 2943-05 -. 1173+02 -. 2513+00 .1543+01
42 .222E-05 -. 3653-05 -. 152E+02 -. 1053+00 .1943+01
43 .2253-05 -. 4423-05 -. 1953+02 .162E+00 .2443+01
44 .225E-05 -. 523E-05 -. 260Z+02 .1273+01 .3763+01
45 .2513-05 -. 2303-06 -. 3493+01 -. 1168+00 .3513+00
46 .2593-05 -. 6343-06 -. 4273+01 -. 7013-01 .4603+00
47 .2683-05 -. 1103-05 -. 5283+01 -. 2313-01 .5923+00
48 .2783-05 -. 161E-05 -. 6573+01 .3333-01 .7563+00
49 .289E-05 .-. 2163-05 -. 8193+01 .1093+00 .955E+00
50 .3013-05 -. 277E-05 -. 103E+02 .2173+00 .1203+01
51 .3113-05 -. 3383-05 -. 1273+02 .3593+00 .1463+01
52 .3193-05 -. 4073-05 -. 157E+02 .5663+00 .1753+01
53 .325E-05 -. 4813-05 -. 1933+02 .8503+00 .2083+01
54 .3293-05 -. 5593-05 -. 2373+02 .1273+01 .2483+01
55 .330E-05 -. 6403-05 -. 2993+02 .265E+01 .3743+01
56 .373E-05 -. 9323-CS -. 4573+01 .2633+00 .423E+00
57 .3813-05 -. 1463-05 -. 5463+01 .3823+00 .5593+00
58 .3893-05 -. 2033-05 -. 6603+01 .506E+00 .7063+00
59 .3993-05 -. 2623-05 -. 8033+01 .646E+00 .8753+00
60 .4093-05 -. 324,-05 -. 9783+01 .8123+00 .1063+01
61 .4193-05 -. 394E-05 -. 1213+02 .1033+01 .1283+01



Table 3.- Continued

(c) Concluded

oin x47-5 -.5F0 -.143:+02 .1251+01 .1463+01

65 .443-05 -.6793-05 -.2403*02 .23941+O .21673+01
66 .4463-05 -.7593-05 -. 201B*02 .3193+01 .3143+01
67 .444"S0 -.1679"S0 -. 2421301 .2393+01 .421404
66 .5151-05 -.2598-05 -.290+021 .1079301 .3145*01
69 .5821-05 -.3189W-05 -.613341 .192+001 .47+003
70 .65"S-0 -. 2503-05 -.7505B41 .1043+01 .5642300
71 .5362105 -.4423305 -.902B+01 .1266+01 .7003+00
72 .5473-05 -.519S-05 -. 1119+02 .1494+01 .1143410
73 .55388-05 -.5793-05 -.10265+02 .2183+01 .9243410
74 .5603-05 -.65093-05 -. 1503*02 .29493*01 .1343+01
75 .5653R-05 -. 57243-05 -. 1743*02 .2136301 .1423491
76 .5683-0 -. 6003-05 -. 1599+02 .32349+1 .153*01o
77 .570w-0 -.6774s-05 -.2333*02 .449341l .21342+1
76 .5650-05 -.30033-05 -. 152341 .170341 .360340
79 .654305S -.303-05 -. 213*601 .1693401 .4763-00
60 .6603-05 -.43439-05 -.3033*01 .2706+01 .5613*00
61 .6660-05 -.5013-05 -.40181901 .2203.01 .47619*00
62 .6733-05 -.5634-05 -.5213+01 .24893*01 .7581.00o
63 .6606"5 -.653M-05 -.6653*01 .2763+01 .6163*00
64 .6653-05 -.7043-05s -.7613*01 .24973*01 .6363*00
85 .690"-5 -.77432-05 -.9153+01 .3243*01 .62140~o
66 .6943-05 -.6463-05 -. 71m0530 .3943+01 .7763.00
87 .6963-05 -.9193-05 -. 9173*02 .3893.+01 .6297+00
88 .6983-05 -.992305 -. 1313*02 .3463301 .7463*00
89 .7923-05 -.4303-05 -.3963*01 .53c.01o .2583400
90 .7963-05 -.4973-05 .13543+01 .2663*01 .3848*00
91 .7993-0 -.5430-05 .2963*01 .2833*01l .4013400

92 .7604-05 -.6303-,05 .2353*01l .2993+01 .4423400
91 .6093E-05 -. 56943-05 .1683.01 .23153*0 .4553*00
94 .6143-05 -.7703--05 .9263*00 .3343*01 .44263*00
95 .1739-05 -.8283-06 .4133*00 .3483+01 .3693*00
96 .8214c-05 -.89z-5KO -. 9813-01 .363*01O .4269E*00

97 .8233-05 -. 963E-0S -. 3293*00 .383E+01 .1151+00
98 .6253-05 -. 1033-04 -. 3053+00 .4013+01 -. 1013*00
99 .6263-05 -.1103-04 .1223+00 .4213*01 -. 406z*00

100 .933E-05 -. 5663-05 .121z*02 .3223+01 .1743+00
101 .934305 -. 6313-65 .118z*02 .3263+01 .2103+00
102 .9373-05 -. 6958-05 .115Z+02 .3343+01 .2233*00
103 .9393-05 -. 7593-05 .112E*02 .3423*01 .205E.00
104 .942E-05 -. 8223-05 .1103+02 .3503*01 .1533*00
105 .9463-05 -. 9023-05 .1083+02 .3593*01 .3493-01
106 .9463-05 -. 949E-05 .1093+02 .3643*01 -.5863-01
107 .9503-ý05 -. 1013-04 .111E+02 .3703*01l -. 243E3*00
106 .952E-05 -.1083-04 . 117E+02 . 37q3*O1 -. 4813*00
109 .9533-05 -. 1143-04 .1273+02 .3763*01 -. 8013+00
110 .953Z-05 -. 121E-04 .147E*02 .3573*01 -. 1501.01
111 .1073-04 -. 7033-05 .2183*02 .3553*01 .791E-01
112 .1073-04 -. 7640-05 .216E+02 .3493*01 .113z*00
113 .1073-04 -. 8253-05 .215c*02 .3493+01 .7703-01
114 .1073-04 -.6853-05 .2143*02 .3493+01 -. 7483-03
115 .1073-04 -. 9453-5 .2163*+02 .3503*01 -. 112E*00
116 .1073-04 -. 1023;-04 .220z*02 .3513*01 -. 3103*00
117 .1063-04 -. 1073-04 .2243*02 .350r.+01 -. 4583*00
116 .1083-04 -. 1133-04 .233z*02 .349F+01 -. 7183400
119 4.083-04 -. 119304 .2463*02 .3473*01 -. 10631+0
120 .10863-04 -. 1253-04 .2663*02 .3413*01 -. 1609+01
121 .1063-04 -. 1313-04 .3103*02 .3043*01 -. 3833401

iY II,
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Table 3.- ContLntaed

(d) Mode 4, X4 - 122.2556 Ha

Joint x y z dz*x Czby

1 -. 33211-05 -. 35111-04 -. 14039.01 .285&.00 -. 4733.+00
2 -. 436"S0 -2288-4 -. 5893D.00 .2431400 -. 3533.00
3 0. * f. 0. 0. * 0.
4 0. * . * 0. * 0. * 0.
5 0. * 0. * 0. * 0. * 0.
6 0. * 0. * 0. * 0. * 0.
7 0. 0. 0. 0~* . 0 .
a 0. * 0. ft0. * 0. * 0.
9 0. * 0. * 0. * 0. * 0. *

10 .2343r-04 .408r3-04 -. 1929+01 -. 1683.00 .1243C+01
11 .2371c-04 .7973-04 -. 7965+01 .1183+01 .2923+01
12 -. 211c-04 --.187E-04 .9788+00 .6843.00 -. 3103+00
13 -. 183"-4 -. 6443-05 .1433.01 .828E-00 -. 2073.00
14 -. 1468-04 -. 3579-05 .1663.01 .1023+01 -. 6519-01
15 -. 1219-04 -. 8139-07 .1723+01 .108w"0 .7203-02
16 -. 1163D-04 .354F-05 .1623+01 .1043.01 .952S-01
17 -. 119r-04 .8023,05 .1343.01 .9143.00 .2033.00
10 -. 131R-04 .154-04 .7503.00 .6423.00 .3443-00
19 -. 160E-04 .2561P04 -. 253c+00 .283E+00 .6133.00
20 -. 18683-04 .5073-04 -. 2503+01 .2373.00 .134E.01
21 -. 186W04 .8253-04 -. 6713+01 .3863.00 .2443.0
22 -. 127"-4 .1143-03 -. 159z.02 .2313+01 .5303+01
23 -. 329W04 -. 992r,05 .557z.01 .175E.01 -. 3779+00
24 -. 3133-04 -. 657E-05 .6063.01 .1833+01 -. 1943.00
25 -. 3103-04 -. 3479-06 .6173+01 .1473.01 .4753-01
26 -. 312"-4 .752Z-05 .580z.01 .1823+01 .296B.00
27 -. 325c-04 .1713-04 .4933+01 .16613.01 .5543+00
28 -. 348304 .2883-04 .353z.01 .1443.01 .8463+00
29 -. 3873-04 .4383-04 .147E+01 .119E.01 .1219+01
30 -. 4333-04 .6473-04 -. 1493.01l .1033+01 .176E.01
31 -. 455E-04 .8993-04 -. 5719+01 .1053.01 .2435+01
32 -. 4493-04 .1183-03 -. 1162+02 .1423+01 .3343.01
33 -. 439E-04 .1473-03 -. 229E+02 .4283.01 .6683.01
34 -.5303-04 -. 710"S0 .131E+02 .2763,.01 .386E-01
35 -. 5543-04 .1623-05 .1273+02 .256E.01 .315E-00
36 -. 5748-04 .1293-04 .1173.02 .2413+0 .6803+00
37 -. 5993-04 .2623-04 .10W102 .2193+01 .1023+01
38 -. 631L-04 .416W04 .7773.01 .1953+01 .1363.01
39 -. 6723-04 .6023-04 .470c+01 .171E+01 .1713.01
40 -. 7123-04 .801B-04 .1223.01 .1563.01 .207E+01
41 -. 7445-04 .1033--03 -. 3163.01 .1543.01 .2493+01
42 -. 7633-04 .1293-03 -. 8423.01 .1753.01l ..2959+01
43 -. 7713-04 .1573-03 -. 148&.02 .2353.01 .3603.01
44 -. 7703-04 .1873-03 -. 2603.02 .5763.01 .6673+01
45 -. 0783-04 .648E-05 .2073.02 .3253.01 .1063.01
46 -. 9073-04 .2053-4 .1853.02 .2753.01 .132E+01
47 -. 9373-04 .3693-04 .1573+02 .243E+01 .1663+01
48 -. 9723-04 .550%-04 .1243.02 .2113.01 .195E+131
49 -. 1018-03 .7473-04 .854E+01 .1843+01 .2183.01
50 -. 1053-03 .969D-04 .4193.01 .1663+01 .238E.01
51 -. 1095-03 .119303 -. 170s.00 .1613.01 .2533.01
52 -. 1119-03 .1443-03 -. 4943+01 .173E+01 .2653-01
53 -. 1143-,03 .1713-03 -.994E.01 .2083+01 .275E+01
54 -. 115303 .2003-03 -. 1533.02 .282E.01 .293m.01
55 -. 1153-03 .230303 -. 2383.02 .614E,-1 .S073.01
56 -. 1313-03 .3073f-04 .2483+02 .292n.01 .2383.01
57 -. 1343-03 .4953-4 .2043.02 .2253-01 .2473.0
58 -. 1379-03 .69853-04 .1593.02 .185B-01 ..11613.01
59 -. 1413-03 .9123-04 .1123&02 .1543.01 .2663.01
60 -. 1443C-03 .1143-03 .6523.01 .1323-01 .2633-01
61 -. 1483-3 .139303 .1603.01 .1243.01 .2513.01
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Table 3.- continued

()Concludied

Joh x yz dfMyV

62 -. 151"-3 .16231-03 -. 2301401 .1303.01 .2333.0
63 -. 154343 .13-) .6650 .1533.01 .2073&01
64 -. 16341-3 .2163-3 -. 9473401 .1973"1 .1'72341l
65 -. 157"-3 .2453-03 -. 1213042 .23041 .1313.01"6 -. 1%61-03 .2753-03 -. 136".2 .521".1 .1933.01
67 -. 131343 .6443-04 .2253+02 .1743+01 .345"41
*1 -. 18333-03 .3653-04 .167".2 .1093.0 .3243+01
69 -.1363-3 .1093-03 .113&.02 .7499M0 .30431+0
70 -. 1""-3 .133"43 .6413+01 .5333+00 .2753401
71 -. 1923-03 .1573-03 .2073.01 .4423+0 .2373+01
72 -. 195b-03 .1363-03 -. 1973+01 .4963.00 .1633+01
73 -. 1330"3 .2063.03 -. 4253+01 .6543.00 .1353+0
'74 -. 2003t-03 .235"03 -. 5873+01 .9563.00 .6463.007ý -. 2029-03 .262b-03 -. 6192+01 .1403+01 -. 1553+00
16 -. 203W-03 .291343 -. 4913.01 .1993"1 -.1183.0
77 -. 204"-3 .320343 -. 1623+01 .2943401 -. 2513401
76 -. 2335-03 .106343 .1333.02 -. 613S-01 .3683.01
79 -. 235D-03 .1303-3 .7633.0 -. 4773.0 .3153.01
60 -. 237B-03 .154"-3 .290341 -. 6542+00 .2603.01
f1 -. 2403-03 .179"-3 -.563.00 -.6993.0 .1973.01
82 -. 242D-03 .2043403 -. 3443401 -. 63U+.00 .12)3401
63 -. 24531-03 .2330-03 -. 4903-01 -. 4558.00 .3763+00
64 -. 247343 .2558-03 -. 4609.01 -. 2633+00 -. 4013+00
65 -. 24913-03 .2623-03 -. 3172+01 .1963-0 -. 1433+0
66 -. 2513-03 .3093403 .3693+00 .325&.0 -. 246341
67 -. 252S-03 .336343 .6323+01 .5693400 -. 4263.0
68 -. 2522-03 .364343 .1713402 -. 5323.00O -. 7760+01"9 -. 267343 .1533403 -. 7213+00 -. 2023.0 .27631+0
90 -. 2663-03 .178"-3 -. 4523+01 -. 2073.01 .192341
91 -. 2909-03 .203"-3 -. 7063401 -. 2033.01 .1193401
92 -. 292"-3 .2278-03 -.6263+01 -. 1913401 .351340
93 -. 2949-03 .2523-03 -.6072.01 -. 1759+01 -. 5463400
94 -. 2""~-3 .2603--03 -. 6011.1 -.1563.01 -. 1683.0
95 -. 297"-3 .302"-3 -. 297801 -. 1413+01 -. 2643401
96 -. 2992-03 .32W303 .234M.01 -. 1263.0 -. 391341
97 -. 3003-03 .3543403 .9953.01 -. 1243+01 -. 5473401
96 -. 3003-03 .3601-03 .2063.02 -. 1473.01 -. 7563+0"9 -. 301E343 .4063403 .385c+02 -. 4838+01 -. 1323+02

100 -. 340343 .2043-03 -.1543402 -. 3608+01 .6143400
101 -. 3413403 .22M"-3 -. 1609.02 -. 3255+01 .435"-2
102 -. 3422-03 .2528-03 -. 1543402 -. 306E.01 -.6043+00
103 -. 3438-03 .2763-03 -. 1365+02 -. 2928+01 -. 169341
104 -. 344"43 .3003-,03 -. 1033+02 -. 2643.01 -. 2673.01
105 -. 3463-03 .33034-3 -. 3793.01 -. 2619+01 -. 4079.01
106 -. 3473-03 .346303 .1333+01 -. 2638.01 -. 4993+C1
107 -. 346&"3 .3723-03 .1028.02 -. 2958+01 -. 6523.01
106 -. 348"-3 .3973-03 .21713+02 -. 3193C+01 -.6432+01
109 -. 3499-03 .4213-03 .3708.02 -. 3718+01 -. 1103402
110 -. 349R-03 .4463403 .6198.02 -.6043.01 -. 1853.02
111 -. 3913-03 .2553-03 -. 2613402 -. 423&.01 -. 1152+01
112 -. 3919-03 .2793-03 -. 2373.02 -. 3643401 -. 1973401
113 -. 3913403 .3013403 -. 2049+02 -. 3863+01 -. 2693401
114 -. 392S-03 .3243403 -. 159342 -. 3929+01 -. 36~39+1
115 -. 3932303 .347S-03 -. 985&+01 -. 4028.01 -. 4703401
116 -. 3953-3 .3763-03 .2403400 -. 4239+01 -. 6303401
117 -. 395"-3 .3933-03 .757t401 -. 4453.01 -. 7453+01
116 -. 3963-03 .4163-03 .1995+02 -. 486341 -. 9413401
119 -. 3973-03 .439-u3 .3573.02 -. s550301 -. 1215+02
120 -. 397"-3 .4625-03 .5721.02 -. 6663401 -. 1683.2
121 -3963-03 .46643 .1043403 -. 1145402 -. 10+2
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Table 3.- Contlnued

( N) Node 5, fs - 160.5292 me

j0h x y z dft dL

1 -. 165"-04 -. 176"-03 -. 961-01 -. 141"-01 -. 240"-01
2 -. 2171i-04 -. 1149-03 -. 3211-01 -. 1510-01 -. 693-023 0. * 0. * 0. * 0. * 0.4 0. 0. * 0. * 0. * 0.5 0. 0 0. * 0. * 0. * 0. *6 0. * 0. * 0. 0 0. 0 0. *7 0. 0 0. 0 0. * 0. 0 0. *a 0. 0 0. 0 0. 0 0. * 0.9 0. * 0. 0 0. * 0. O* q".10 .1153-03 .24319-03 .431.01 .996+00 -. 2763+0111 .116r•03 .398"-03 .2351902 -. 5479+01 -. 0831+0112 -1053--03 -. 933R-04 -. S263-01 -. 2902-01 -. 3193-0213 -. 9148-04 -. 320"-04 -. 1030-03 -. 198-01 -. 39M3-0214 -. 7211-04 -. 1753-"4 .7903-01 .1991-01 -. 324"0115 -. 6073-04 .300f-07 .2354.00 .9378-01 - 717"-0116 S6543-04 .1123-04 .511S+00 .2223+00 -. "1l.0017 -,5991-04 .406"14 .9413-00 .416.040 -. 2133.001i -.662a-04 .7741-04 .1793+01 .764.00 -. 4119M0019 -. 8128-04 .128"-03 .3431+01 .122X301 -. 96283.020 -. 959-04 .2543-03 .798&301 .786&.00 -. 2723-0121 -. 9532-04 .412"-03 .1716302 -. 4241+00 -. 5S930122 -. 6584-04 .5691-03 .473302 -. 103S.02 -. 16230223 -. 1643-03 -. 491-04 -. 9023-01 -. 9413-01 -. 517S-0124 -. 1571-03 -. 3213U04 .1231.00 -. 7493-01 -. 1223.002S -. 1553-03 -. 7453-0 . 5S7U.00 -. 4013-01 -. 2303•0026 -. 157s-03 .3071-04 .118"a01 .2363-01 -. 3413+0027 -. 163&-03 .8653-04 .2213+01 .103.+00 -. 6042+0028 -. 1753-03 .1453"03 .3823.01 .1663+00 -. 9S43.0029 -. 1958-03 .2209-03 .6393+01 .1730.00 -. 1561+0130 -. 2163-03 .3243-03 .1063+02 -. 1968+00 -. 2693.01

31 -. 2301-03 .4491-03 .1778+0= -. 1213.01 -. 4258.0132 -. 2276-03 .S$69-03 .2943.02 -. 3649+01 -. 690R+0133 -. 22X-•-03 .7336-03 .617&.02 -. 1775+02 -. 203130234 -. 2651"03 -. 3433-04 -. 2S63.00 -. 3165.00 -. 2013.0035 -. 277R-03 .966r-05 .28113,00 -. 332N+00 -. 3433+0036 -. 2873-03 .6613-04 .1133.01 -. 3633.00 -. 5313.0037 -. 3003-03 .13313-03 .238430 -. 4073.00 -. 7701+0038 -. 3163-03 .2090-03 .4153.01 -. 506U+00 -. 1043.0139 -. 3373-03 .3023-03 .672301 -. 7502.00 -. 1533.0140 -. 357"-03 .4001-03 .9943+01 -. 1213.01 -. 210&.0141 -. 3743-03 .SIS"-03 .1463.02 -. 209E.01 -. 2823+0142 -. 385"-03 .6433-03 .2063+02 -. 3631k01 -. 3593.0143 -. 3879-03 .782S-03 .2933.02 -. 650+.01 -. S003.0144 -. 3878-03 .9293-03 .5153.02 -. 1942+02 -. 1373+0245 -. 4393-03 .3453-04 -. 9303+00 -. 746B+00 -. 4133.0046 -. 4533-03 .105S-03 -. 389C-01 -. 7953+00 -. 5923.047 -. 4692-03 .1873-03 .116R+01 -. 892c+00 -. 764m.0048 -. 46"1-03 .276C,-03 .2693.01 -. 1048+01 -. 9579+0049 -. 5053-03 .3743-03 .4563.01 -. 1301.01 -. 1163.01so -. 526-03 .4844-03 .63r,.01 -. 1749+01 -. 1345+0151 -. 54311-03 .595"-03 .9171r01 -. 2378+01 -. 145N10152 -. 5578-03 .7193-03 .117"+02 -. 3313.01 -. 1436r0153 -. 586C-03 .8523-03 ,19.9+02 -. 4653.01 -. 1178+0154 -. S74R-03 .994R-03 .15S302 -. 667+.01 -.W,6020+55 -. 576"-03 .1143-02 .1873.02 -. 13013.02 -. 1133+0156 -. 6553-03 .156S-03 -. 2393.01 -. 1209.01 -. 6323+0057 -. 6709-03 .2493"03 -. 1253+01 -. 1213.01 -. 7123.0056 -. 685B-03 .3513-03 -. 2448-01 -. 1302+01 -. 7565.0059 -. 7022-03 .456-03 .1213401 -. 1463.01 -. 7406+0060 -. 7203-03 .564r-03 .2323+01 -. 1703.01 -. 6313+0061 -. 7381-03 .6943-03 .3133+01 -. 2073.01 -. 3S23+00

1-
i• r ... 

J-



Table 3.- ContLnued

(a) concluded

JO" x y z M

62 -. 753"-3 .607-03 .3223"1 -. 2473.41 .716"-1
63 -. 766"-3 .937"-3 .2263.41 -. 29663.4 .8464300
64 -. 7773-03 .1lt#7"-2 -4965.00 -. 3433.01 . 2103-01
65 -. 7633-03 .122m-02 -. 6306+01 -. 3614.01 .4233.4
"6 -. 7879-03 .1363-02 -. 2109-02 -. 1213-01 .1II1k232
67 -. 8993-03 .3243-03 -. 4163-0 -. 1a63.0 -. 71354-0
"6 -. 911"-3 .4333-03 -. 3023.41 -. 1172+01 -. 6323.4
69 -. 9240"3 .54713-03 -.2163.0 -,1148+01 -. 4503-00
70 -. 9330"3 .6630-03 -. 1713+01 -. 11 ar . -. 15173+0
71 -. 9543"3 .7623"03 .1341 -. A133.0 .2713-00
72 -.971"-3 .9233-03 -. 3163.1&0 20.1 . 7 92.00
73 -. "662-03 .1033-02 -.1173.41 -. 1133.41 .1693-01
74 -.99N3-3 .1163-2 -.9073.4 -. 06863-0 .2633+01
7S -. 1008-02 .1303-02 -. 1533.42 -. 2523$40 .4413+01
76 -. 1013-02 .1443-02 -. 2513.02 .1323.0 .6893-0
77 -. 1013-02 .1163-02 -.4613.2 .1023-0 .1733"2
70 -. 1163-2 .1293-03 -. 4963-01 -.6113-00 -. 6943600
79 -. 1176-02 .6473-03 -. 396&.01 -. 3593.00 -. 3523&00
60 -. 1163042 .76W3-3 -. 3693901 -. 1573-0 .2665-01
61 -. 1193-02 .889"-3 -4123.4 .476&-0 .SOIF.+O
62 -. 120"-2 .1013-0 -. 393.01 .30434-00 .1073-01
63 -. 121"-0 .1153-02 -. 8029+01 .7153.00 .1842+01
64 -. 1223-0 .1263-02 -. 1103k02 .1223.0 .2493.01
65 -. 1232402 .1393-2 -. 1573-02 .20883-01 .3343+01
66 -. 124*3-0 .1523"0 -. 2208+02 .3463.01 .4443-01
67 -. 1253-02 .16.33-42 -. 3042+02 .5899401 .5933+01
a6 -. 125&402 .1603-02 -. 4893W2 .156302 .1403+02
69 -. 142"-0 .7603-03 -. 254&-01 .6463.00 -. 430B3-00
"9 -. 1433-02 .8323-03 -. 412&-01 .11664+01 .. 32R-01
91 -. 1432402 .1013-02 -. 233430 .1473.01 .4323+00
92 -. 1443-2 .113*0 -. 3312+01 .1613+01 .8673.00
93 -. 1453-02 .1253-U -. 4668&01 .2233-01 .1293+01
94 -. 1469-02 .1390-02 -. 737".1 .2663.01 .1723.01
91 -. 1473-02 .149&-02 -. 9663+01 .3303-01 .1923+41
96 -. 148"10 .1623-0 -. 12634.02 .4503.0 .2063.01
97 -. 1463-2 .1749402 -.1543-02 .5653-01 .1973+01
96 -. 1463-2 .1873-0 -. 1763+02 .7793.01 .155R+01
"9 -. 1498-02 .2003-02 -. 2192+02 .13034+02 .314R+01

100 -. 1683-02 .1013-02 *3693-0 .2663-0 -. 2623-01
101 -. 16863-02 .1133-02 .3753.0 .280&-01 .3063.00
102 -. 1696-02 .1253042 .3233+01 .3033.01 .556.0
103 -. 1693-0 .1373-0 .2423.01 .3313+01 .7263-0
104 -. 1703-2 .1483-0M .1472+01 .3643-01 .7593.00
105 -. 1713-02 .1632-02 .4903.00 .4153-01 .522$400
106 -. 1713-02 .1723-02 .3173.00 .4463-01 .1643-00
107 -. 1723-02 .1643-0 .1093401 .5019-01 -. 7635+00
103 -. 1723-0 .1968-02 .3913-41 .563341 -. 2353.01
109 -. 1723-02 .2068-02 .1043+02 .6453.0 -. 5043.01
110 -.172-02 .2203-02 .2613-02 .6163M41 -. 1173+02
111 -. 1938-02 .1263-02 .1343.02 .3043.01 .1706+00
112 -. 1933-02 .1383-02 .129N+02 .3663+01 . 3543.00
113 -. 1933-02 .1493-02 .12534+02 .3663-0 .3433.00
114 -. 1943-02 .1603-02 .1235+02 .3723-0 .1503-00
115 -. 1943-02 .1713-02 .'.1%4.2 . 3114"l -. 2633.00
116 -. 1950-02 .15-02 . .5.02 .3703.01 -. 1393-01
117 -. 1953-2 .1933-02 .1653.02 .35"0.01 -. 2443-01
lie -. 1913-02 .2053-02 .2203-0 .3283"1 -4723-0
119 -. 1963-0 .2163-02 .32134+02 .2613041 -. 630
120 -. 1963-02 .2263-02 .519&3-0 .46M).0 -. 1703.2
121 -. 1963-02 .2393-02 .1243+03 -. 75L.3.0 -.6613.02



24kble 3.- Continued

(f) oft"6 is 6 a 136.4147 Ir3

ja y z z2

1 .1243.0 .1320601 -. 363300 .46434 -. 10134.0,
2 .1643.0 .8539" -. 990".1 4356-01 -. 576"01
3 0. * 0 0. a 0.
4 ** a 0. a0.* 0 0.

5 0. * 0. a ~0. a 0. * a
* ** 0. * 0. a 00.

7 0. 0. a 0 a . a 0 a
0 0. * 0 . a o

10 -. 0666.0 -. 18434.01 -. 2546"01 .5awo-0 .231"01
11 -. 472@400 -. 3000401 -.3223.00 .3323.010 .10Q3.00

12 .7953.0 .7048.00 .16034.00 .1240.00 -. 3933401
13 .66- 40 .2416.00 .2313.00 .1323.00 -. 212"-1
14 .549N.00 .1323.00 .3463600 .1506.00 .3706-02
15 .4599400 -. 9433-03 .23580.00 .1460.00 .121"41
16 .44268000 -. 1369.00 .2123.00 .1333.00 .183341
17 .4533.00 -. 3078.00 .1633.-00 .115&.00 .2316-01
1s .50416400 -.5653.00 .1466.00 .925"-1 .221"-1
19 .6143M0 -. 96"1.00 .12134.00 .733&-01 .160"-1
20 .7273~00 -. 1913.01 .11964.00 .5633-01 .3066-02
21 .7233.00 -.31130 .15983.00 55131a -. 296"-0
22 .5013.00 -. 4393.01 .3396.-00 1071#.W -, 1443.00
23 .1243.01 .370N.0o6W30 .2778600 -.544u-02
24 .1166.0 .2413.00 .6473.00 .2496.00 .1363-0
25 .1173.01 .4009-02 .79496.00 .2303.00 .40231-01
26 .1166.01 -. 29434,00 .70P,84-0 .201340 .574"I0
27 .1233.01 -.5543.+1 .SB42600 .1643+00 .642"-1
26 .1338.1+ .1301 .4673.-00 .1270.00 Aa2134
29 .14&2+01 -.1660.01 .3643+00 .9056-0 .s0m54
30 .1650.01 -. 2448+01 .2170.00 .163-01 .2788-01
31 .1743.01 -. 3363.01 .2913.00 .32389-01 -. 9766-0
32 .1723.01 -. 4423041 .4086.00 -. 3041-01 -. 93131-01
33 .1663.0 -.5523.01 .1363.0 -. 4169.00 -. 62634.0
34 .200".1 .3543POO .1713.01 .3565400 .1153.00
35 .309.01 .7S6@-01 .1473.01 .2643.00 .1143.0
36 .217MI0 -.5023.00 .1243.01 .20"14.00 .1313+00
37 .2m6...0 -.1003.01 .9903+00 .1549.00 .1311.00
.486 .395.0 -.1563.0 .750"m0 .10334.00 .1213.00
39 .'I553.0 -. 2263.0 .1343.00 .5473-01 .9646I-01
40 .27V01 -.I3023.01 .3633.00 .1636041 .7006-0
41 .2323.01 -3391+.0 .2906600 -. 2096-01 .316"-1
42 .2616.01 -. 46113-01 .2646.00 -. 653"-1 -. 2153-0
43 .233.01 -. 5319.01 Ai25MO0 -.1503.0 -. 1154-00
44 .2923.-01 -. 7003.01 .1333.0 -. 699.040 -. 6463600
45 .3313.01 -. 2645M0 .2063.01 .2773.00 .2708.00

46 .3433.-01 - .7953.0 .1S9"I0 .1493.0 .2333.-00
47 .3543.01 -. 1413041 .117&.01 .6136-01 .2153+600
44 .3673.01 -. 2093.01 .404&.0 .2630-01 .1&S3.00
49 .3813&01 -. 2623.01 .4973.00 -. 1718-01 .1473+00
so .373401 -. 3653.01 .2O61.00 -. 063-0' .1033.00
51 .4096.01 -. 4415.1 .1123.00 -7 40"-1 .6131-01
52 .4203.01 -.5423.0 .40336-01 -.9536-01 .1756-01
53 .4289*01 -. 64223.01 .5183-01 -. 1200400 -. 2683-01
54 .433LOI0 -. 7414,01 AMON;0. -. 1666+00 -. 741n.-01
55 .4353.1 -6".1 .5263.00 -. 42339.00 - .2123.00
56 .4914301 - 1163.,01 .1513.01 .4663-01 .3503.-00
57 .5059+01 -.186.0 .9273+00 -. 4946I-01 .2741.00
5o .5162+01 -. 263801 .4773..I0 -. 928"tC .2202+00
59 .5213.0 -. 344W~01 .1333.00 -. 1173+00 .1612+00
(0 .5435+01 -. 4200.01 -. 1068.0 .13.00 .10484.00
61 .5573.01 -. 5243.41 -. 2541.00 - .1363.00 .468"-1



Table 3.- Concluded

(f) Conceluded

63 .1663.0 -. 6490431 -.3999.00 -. 1313800 .66043N
43 .978".1 -. 7063.01 -. 2730M -. 1119M0 -.3U1131-0
64 .136in0 -. 6093014 -. 100300 -. 13663-l -. 6035-01
61 ."Not4 -. glum. 1.5150-01 -. 8375-01 -. 71164
66 .90300.01 -. 10S.0j .10"4.0 .. -3170-01
67 .67ma.0 -. 2614590M 3.0 .2673.00
60 .6673*0 -.3373.1 .3130 -. 2335800 1330
69 .6163.0 -. 4133.0 -3449000 -.3113.0 .103080"
70 .7073.01 -. 5000001 -.6620000 -. 1133.0 .42200-01

73 .7313A0 -. 69124.1 -. 64433.0 -. 133340 -. 62911-01
73 .7401.0M -. 77330104 -.1333.*00 -.13741 -. 10-0
74 .7~1.1 -. 676641 -. 3143.00 -. 613341 -. 1175M0
7S .7163.01 -. 9700401 -. 1343.-00 -.3113-0 -. 1300t.00
7s .7613.01 -. 106343U .1343.00 -.3232201 -. 1643040
77 .764001 -. 119304U .6163000 -. 1188000 -. 1§4300
79 .4723961 -.3113.1 -. 1313.01l -. 3473.00 .3363-01
71 67831041 -. 4898M0 -. 1363.0 -. 3662400 -. 26319-01
8O .8663041 -. 5700.01 -. 1300401 -. 3056460 -.6S173-1
U1 WSWO3. -. 6703.01 -. 111001 -. 147N*00 -. 131300
33 ."1143.1 -. 7,33.01 -. 1762s.00 -. 9196041 -. 1616.00
33 .9151301 -. 4693041 -.1713+00 -. 3644W01 -. 17986.00
64 .1233.01 -.1113.0 -. 3206.00 -. 4060-02 -. 1655400
as .1316041 -.1013.03 -.3639-01 .1413-01 -1430
66 .935m+01 -.11134.0 .2513+.0 .121"-1 -. 730
67 .939".1 -. 1313O02 .1316.00 -. 3948401 -. 1792+00
33 .1403.01 -. 133.+02 .107&.01 -. 3698640 -. 43033.00
39 .1073.02 -. 5733.01 -. 1173.01 -. 2618.00 -. 2443+00
90 .1073.03 -. 6613.01 -. 1579.01 -. 1359.00 -.3416.00
91 .O103303 -. 7573.01 -. 117t.01 -.1353-01 -. 2642+00
92 .1093+03 -. 4429+01 -. 7133.00 .3033-0 -.3643.00
13 .1013.03 -. 9400.01 -. 311@.00 .414341 -.3113.-00
14 .1106.03 -. 1043.02 .4963-01 .4133-01 -.213.00
91 .1113+03 -. 130 302.00 .9613-01 -. 1648600
96 .1113+03 -. 1328.02 .133U.00 .101-01 -. 1233.00
97 .11233+03 -. 1318+02 .5673.00 .1003-01 -.3313-1
94 .1123+02 -. 1412+03 .4123.00 -. 3163-01 .1443.00

99 .1123.02 -. 1506.02 -. 147m.00 -.3633-01 .3941.00
100 .1273+02 -. 7613+01 -. 1238+01 -. 4772-02 -. 3034-.00
101 .1273+03 -.6513.01 -. 6422.00 .016-01 -. 3513.,00
103 .1273+02 -. 9405+01 -. 1253.00 .1379+00 -. 3222+00
103 .1263.,03 -. 1039+02 .3306.+00 .1733+00 -. 2799.00
104 .1244.02 -. 112M.0 .7008.00 .3009+00 -. 2178.00
101 .1316+03 -. 1233.02 .1904+00 .3363.00 -. 1039.00
106 .1296.03 -. 1216.03 .1033.01 .334B+00 -. 2003-03
107 .1313.0 -. 1365.-02 .313.00 .240B.00 .303+.00
106 .1298.02 -. 1473.02 .1616.00 .3222800 .5353.00
101 .1306.02 -. 1163.02 -. 1349+01 .127B.00 .1113.01
110 .1306+03 -. 1651+02 -. 5316.01 .3358.-00 .2633.01
111 .1453+03 -. 9113.0 .48430.00 .2113.00 -. 31fr.4.00
112 .1413+03 -. 1043.03 .9641+00 .24234+0 -. 3022.00
113 .1453.03 -. 1133+02 .1433.0 .3608.00 -. 2568.00
114 .1463*.02Q 10.) .1743401 .3006.00 -. 1813.00
115 .1463+02 -. 1298+03 .1923401 .3423.00 -. 6533-01
116 .14631.002 -. 1316.02 .1633.01 .4203.00 .1633.00
117 .147B.03 -. 1463.2 .1513.01 .4943+00 .3913.00
11e .1473.02 -.1548.02 .5333.00 .653940 .6906.00
119 .1473.02 -. 1633.03 -. 1508.01 .9633.00 .186"3.1
120 .1473.03 -. 1712+02 -. 6433.0 .1743.01 .4316.0
121 .147B302 -. 1098+02 -. 3073.02 .5123.01 .2263.03

4



Table 4.- Calculated Model Vnqe~ncLem and Def lections
for 2.5-hoot Weakened model 3

(a) No"S i, fl - 9.5992 Ne

MWki x y z dz* L*

1 .3723-10 .1523-09 -. 40w3-0 -. 1012-02 -. 1302401
2 .4129-10 .1036-09 -. 1533-01 -. 463-03 -. 1109-01
3 0. * 0. * 0. 6 0. 6 0. 6
4 0. C . * 0. * 0. * 0.
5 0. * 0. * 0. * 0. & 0.
* 0. * 0. * 0. * 0. * 0. *

7 0. * 0. * 0. * 0. * 0.
* 0 * . * 0. * 0. * 0.
* . 0 * 0. * 0. * 0.

10 -19-9 -32431-0 -. 24-0 .1639400 .1043-01
11 -. 1S-IX.3-09 .1075.00 .2373.0 .907"30
12 .13)W-0 .93131-10 .633-02 .836"a0 -. 1233-01
13 .9293-10 .40713-10 .3523-01 .2093-01 -. 1278-01
14 .6163-1 .29711-10 .6901-01 .4153-01 -.1608-01
15 .6970-10 .6673-11 .1133.00 .679"-1 -. 22239-01
16 .03b-10 -. 1512-10 .1663.00 .992"-0 -. 2S4"-1
17 .72731-10 -. 4563-10 .322530 .1333.00 -.265"-1
16 .8"2310 -. 9663-10 .3063.0 .1773.0 -. 3253-01
19 .1145-09 -. 1723-09 .40234.00 .2243.0 -. 4026-01
20 .1373-0 -.346R-0 .536300 .2623.00 -. 4753-1
21 .1403-9 -.532-0" .6973.0 .3283.00 -. 9693-4a
22 A11m-0" -. 7292-09 .9143+0 .3643.00 -.1223.00
23 A1M9-0 .657S-10 .1953+00 .629-01 -.5349-01'
24 .16210-09 .4930-10 .3172+00 .9603-01 -.6533-1
25 .1050-0 .1113D-10 .4623.00 .1343+00 -. 7463-01
26 .190-0" -. 414&-10 .6263+00 .1740+00 -. 8433-01
27 .20"1-09 -. 106"-0 .4169.00 .2173+00 -. 9513-01
26 .2333-0 -. 191"-0 .1033+01 .2623.0 -. 1064.00
29 .26t-09 -.2973-09 .1273+01 .3093+00 -. 1232+00
30 .301349 -. 4368-09 .1563.01 .3563.00 -. 1433.00
31 .3169-09 -5930 .1066"1 .4073.00 -. 1639.00
32 .31n-09 -. 7603-09 .2253.01 .4613.00 -.1693.00
33 .31U-09 -. 93319-09 .2663.1 .5113.00 -. 2203.00
34 .3293-09 .5063-1 .I15I00 .1603.00 -. 1293.00
35 .3493-09 -. 8043-11 .1083.01 .2013.00 - .1413.00
34 .36919-0" -. 6603-0 .1383.01 .2423+00 -. 1543"
37 .3923-09 -. 179"-0 .1703+01 .2653.00 -. 1663.0
36 .4213-09 -. 2343-09 .2053.01 .329R+00 -. 1642+00
39 .4553-09 -. 409W-0 .2453.01 .3753+00 -. 2033200
40 .4838-09 -. 5363-09 .2863.01 .413+0 -. 223&.00
41 .5058-09 -. 6603-09 .3323.01 .4613.00 -. 2464+00
42 .5209-09 -.6333-09 .3845.01 .5049+00 -. 2713.000
43 .52W-0 -.9943-09 .4413.01 .5465+00 -. 3003.0
44 .5312-09 -1163-06 .503301 .5348+00 -. 3300+00
45 .570-09 -49R-10 .2013.01 .2703+00 -. 21232.00
46 .5923-09 -1468-09 .242W.1 093.0 -. 2263+00
47 .6153-09 -. 2613-09 .2873.01 . 3493.00 -. 2428+00
48 .6413-0 -368I-09 .3353.01 .3699+00 -. 2593.00
49 .6693-09 -.507-09 .3866.01 .4293.00 -. 2763.00
50 .6953-09 -. 6459-09 .4433.01 .4693.00 -. 930
51 .7168-09 -. 7760-09 .5003.01 .5063.0 -. 3203400
52 .734*-09 -. 923t-09 5633+01 .5433+00 -. 3423.00
53 .747S-09 -. 107"-0 .6303+01 .5763+00 -. 367R.00
54 .7553-09 -. 1233-0 .7033.01 .6123.00 -. 3923.00
55 .7603-09 -. 1363-06 .7603+01 .6403.00 -. 4233+00
56 .8531-0a -. 22611-09 .3803.01 .3753.00 -. 299340
57 MW63-0 -. 35U3-09 .4363+01 .412340 -. 3143.00
58 .666-09 -. 46u$-09 .495a.01 .4473.00 -. 3318+00
59 ."906-09 -. 6133-0 .5573.01 .4623.00 -. 3463.00
60 .9263-09 -. 7468-09 .6223.01 .516340 -. 3673.00
61 .9463-09 -.6933-09 .6973.01 .5513+00 -. 383.+00



Table 4. Continued

(a) Concluded

Joint xy z dzOd

62 .113-09 -. 102"-,O .7631+01 .5799+00 -. 4063+00
63 .97411-09 -. 118-ON .839&.01 .600100 -. 427900
64 .9842-09 -. 130.-N .9193.01 .635+.00 -. 449&.00
65 .9903-09 -. 14SI-06 .1001302 .661L+00 -. 4729+00
66 .943-09 -. 1593-0 ..1093+02 .6719800 -. 5013+00
67 .1141-08 -. 4540-09 .6163.01 .4713.00 -. 363+00
68 .1158-06 -, S. t-09 .685l301 .5023.00 -. 3963+00
69 .1163-08 -. 72331-09 .7563+01 .5313+00 -. 4131+00
70 .1173-08 -. 0562-09 .829r01 S593g+00 -. 4291.00"71 .1181-06 -. g9u-09 .906+.01 .5863+00 -. 445t+00"72 .1203-N -. 114t-N .9M+6301 .6143+00 -. 4643+00
73 .1213-0N -. 12kt-0N .107.+02 .6343.00 -. 479t+00
74 .1213-08 -. 1393-08 .11oSEa02 .6SS300 -. 4983.00
75 .1221-08 -. 1523-08 .1241.02 .674a+00 -. 5171.00
76 .1223-0S -. 1663-08 .1331.02 .6913.00 -. 5373+00
77 .1231-08 -. 1793-08 .1431+02 .700E+00 -. 5641+00
78 .1411-08 -. 705S-09 .9051.01 .5523.o0 -. 4573.00
79 .1411-08 -. 8388-09 .9822+01 .5763+00 -. 4703+00
s0 .1423-08 -. 9629-09 .106E302 .5981.00 -. 4823+00
81 .1423-00 -1103-08 .1141.02 .6181+00 -. 495Z÷00
82 .1431-08 -. 122t-08 .1231+02 .637E+00 -. 5093÷00
83 .1441-08 -. 137t-08 .133E+02 .6563+00 -.5259+00
84 .144E-08 -. 1481-08 .140z+02 .6691+00 -. 538E+00
85 .14S5-08 -. 1601-08 .149E+02 .683.÷00 -.553.+00
86 .1458-08 -. 1721-08 .1591+02 .6943+00 -. 56910C0
87 .14-•-08 -. 185S-08 .1691+02 .7031+00 -. 586c+00
88 .145E-08 -. 1973-08 .1791+02 .7023+00 -. 6111.00
89 .1663-08 -. 9613-09 .1241+02 .6141+00 -.5161+00
90 .1661-08 -. 1093-08 .132E+02 .630E+00 -. 526E+00
91 .166E-08 -. 1211-08 .140E.02 .6441+00 -. 5361+00
92 .1S61-08 -. 1331-08 .1491+02 .6571+00 -. 5461+00
93 .1661-08 -. 1459-08 .1583+02 .6681+00 -.5573.00
94 .1671-08 -. 158-08 .1688+02 .6791+00 -. 5701+00
95 .1671-08 -. 1681-08 .1761+02 .6861.00 -. 5803+00
96 .1673-08 -. 1801-08 .185E+02 .692E+00 -. 5929+00
97 .1671-08 -. 1921-08 .1958.02 .6973+00 -. 60S+.00
98 .1671-08 -. 2039-08 .205c+02 .6991÷00 -. 6191.00
99 .1671-00 -. 2158-08 .215E÷02 .6921M.O0 -. 6411+00

100 .1893-08 -. 1211-06 .1691+02 .654E+C0 -. 558.+00
101 .1893-08 -. 1338-08 .168E+02 .6621+00 -. 5641+00
102 .1891-08 -. 1443-08 .1773+02 .6691+00 -. 5721+00
103 .1893-08 -. 1558-08 .186E+02 .6758+00 -.5801+01
104 .1891-08 -. 1661-08 .1958.03 .6791+00 -. 588.+00
10s .1891-08 -. 180.-0N .2061+02 .6841+00 -. 6003+00
106 .189m-01 -. 1888-N .2131+02 .685+.00 -. 6071+00
107 .1890-08 -. 1998-0N .2221+02 .6871+00 -. 6183+00
108 .1893-08 -. 2103-N .2321+02 .6883+00 -. 62$1+00
109 .1891-08 -. 2211a.8 .242E+02 .6U8+800 -. 6401.00
110 .1893-08 -. 232-08 .251E+02 .6811+00 -. 661E+00
111 .2113-08 -. 1458-08 .1981+02 .6721+00 -. S841+00
112 .2111-08 -. 15680 .2061+02 .672E+00 -. 5871+00
113 .2111-08 -. 1663-08 .2158+02 .6738+00 -. 5938+00
114 .2101-08 -. 1771-08 .2241+02 .6741+00 -. 6011+00
115 .2101-08 -. 1873-08 .232E+02 .675C+00 -. 6099+00
116 .2101-08 -12002-08 .2441+02 .6771+00 -. 6208+00
117 .2103-08 -. 206-08 .2501+02 .677E+00 -. 6273+00
118 .2101-08 -. 2108-0 .260E+02 .6779+00 -. 6373+00
119 .2103-08 -. 2288-N .2691+02 .6784+00 -. 6493+00
120 .2103-08 -. 2393-08 .2781+02 .6798+00 -. 6639+00
121 .2101-08 -. 2493-N8 .2889+02 .6883+00 -. 7159+00

I



Table 4.- Continued

(b) Node 2, f 2 a 30.1650 HS

Joint x y z dzx

1 .2041[-05 611"5 -. 31si.00 .213"-01 -. 1061D+00
2 .227S-05 .555,-0s -. 12l+,00 .2501-01 -.,31-01
3 0. * 0. * 0. * 0. * 0, *
4 0. * 0. * 0. * 0. f 0.
5 0. * 0. * 0. * 0. * 0. *
r 0. * 0. 0. * 0. * 0. *
7 0. * 0. * 0. * 0. * 0. *
6 0. * 0. 0. f 0. * 0. *9 0.0 ft 0. * 0. ) 0. * 0.

10 -.742"S -. 1701-04 -. 6063+00 -. 9722-01 .5049+00
11 -.670T-OS -. 272"-04 -. 2263.01 -. 1491t-01 8.71D+00
12 .6011-OS .502 -"S .1378+00 .1203.00 -. 1118+00
13 .495S-05 .2301-05 .3355+00 .2103+00 -. 1006+00
14 .431"S-0 .187M-05 .514[+00 .3Ul6300 -. 935l-01
15 .355•-05 .9333-06 .663.00 .4165.00 -. 736-01
16 .326"-0S -. 163-06 .767000 .45031+0 -. 3693-01
17 .3201-05 -. 169D-05 .77U300 .4943+00 .1663-01
16 .3471-05 -. 4400-05 .636&+00 .4393+00 .113;.00
19 .4401-05 -. 824"-05 .2383+00 .3163.00 .2713.00
20 .4661-05 -. 1743-04 -. 7193+00 .2893+00 .566+.00
21 .456i-05 -. 278"-04 -. 2351.01 .2133+00 .9253+00
22 .2561-0S -. 3909-04 -. 4796.01 .2163+00 .1303+01
23 .9311-OS .386-05 .1621+01 .S333.00 -. 2998+00
24 .936"-OS .336i-0S .2163.01 .6603.00 -. 2673.00
25 .9390-0S .1751-05 .2593+01 .79739.0 -. 1613.00
26 .9563-0s -. 7075-06 .2833+01 .869m.00 -. 8033-01
27 .9963-05 -. 406z-05 .2831+01 .6941+00 .6063-01
28 .1073-04 -. 6391[-0S .2501+01 .6743+00 .2432+00
29 .1203-04 -. 141s-04 .1743+01 .6223.00 .4833.00
30 .1321-04 -. 2205-04 .444x+00 .7575+00 .789&+00
31 .135"-04 -. 3103-04 -. 1501+01 .6933;00 .1103.01
32 .1313-04 -. 41119-04 -. 4113.01 .6203•00 .1453.01
33 .1271"04 -. 513F-04 -. 7539+01 .6123+00 .1853.01
34 .1661-04 .4103-05 .522c301 .1133+01 -,4013.+00
35 .1786-04 .15ISW0S .5841.01 .1233+01 -,2569+00
36 .17'ý-04 -. 210;-05 .6133+01 .1291+01 -. 7178-01
37 .197B-04 -. 68U.-05 .6033.01 .1313+01 .1443+00
36 .206-04 -. 125F-04 .5463,01 .1305.01 .3921+00
39 .2215-04 -. 1963-04 .4353+01 .1213.01 .666+00
40 .232n-04 -. 2723-04 .276+.01 .1193+01 .9905+00
41 .2403-04 -. 3599-04 .476B.00 .1113+01 .1323.01
42 .2443-04 -. 456c-04 -. 247"+01 .1033+01 .1663+01
43 .2453-.04 -. 563--04 -. 610+.01 .9363+00 .2023+01
44 .2441-04 -. 6771-04 -. 1063102 .9286+00 .2463+01
45 .290&-04 .3343-0 .1053+02 .1723+01 -. 2223+00
46 .3103-04 -. 4509-05 .1073.02 .1753+01 .2361-01
47 .322--04 -. 104z-04 .1043+02 .1753+01 .3013+00
48 .3343-04 -. 1719-04 .9513+01 .1729+01 .6003+00
49 .3473-04 -. 2451-04 .805+.01 .1673+01 .9183.0050 .3598-04 -. 3310-04 .5901+01 .1593+01 .1263+01
51 .3693-04 -. 4173-04 .3286+01 .150W+01 .1593+01
52 .376W-04 -. 514z-04 -. 7448-01 .1403+01 .1943+01
53 .38219-04 -. 6193f-04 -. 4093+.01 .1293+01 .2293+01
54 .3865-04 -. 731C-04 -. 880c+01 .1183+01 .266E+01
55 .3651-04 -. 8O50-04 -. 1449+02 .119+.01 .3143+01
56 .4641-04 -. 7865-05 .165E+02 .224E+01 .2473+00
57 .4751-04 -. 1473-04 .158M+02 .2193+01 .5633&+00
58 .48610-04 -. 22319-04 .1443+02 .2133+01 .8963+00
59 .496;-04 -. 304"-04 .1253+02 .2063.01 . .1243.01
60 .5093-04 -. 3901;-04 .9913+01 .1963+01 .1583+01
61 .5203-04 -. 4913-04 .641z+01 .1851+01 .196i+01
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Table 4.- Continued

(b) Concluded

Joint x y z dz/dx dz/dy

62 .529E-04 -. 581E-04 .286E+01 .174E+01 .228E+01
63 .537E-04 -. 6856-04 \-.161E+01 .162E+01 .262E+01
64 .5439-04 -. 794E-04 -. 672E+01 .151E+01 .298E+01
65 .547E--04 -. 910E-04 -. 125E+02 .140.+01 .3351+01
66 .546E-04 -. 103E-03 -. 192E+02 .145E+01 .387E+01
67 .653E-04 -. 200E-04 .220E602 .262E+01 .953E+00
68 .6626-04 -. 282E-04 .200E+02 .251E+01 .130E+01
69 .671E-04 -. 370E-04 .1746+02 .241E+01 .165E+01
70 .681E-04 -. 461E-04 .143E+02 .230E+01 .199E+01
71 .691E-04 -. 556E-04 .105E+02 .218E+01 .234E+01
72 .702E-04 -. 6706-04 .547E+01 .204E+01 .272E+01
73 .709E-04 -. 759E-04 .116E+01 .193E+01 .301.+01
74 .717E-04 -. b66E-04 -. 4396+01 .182E+01 .334E+01
75 .723E-04 -. 977E-04 -. 105E+02 .171E+01 .368E+0176 .726L-04 -. 109E-03 -. 173E+02 .163E+01 .403E+01
77 .72SE-04 -. 121E-03 -. 249E+02 .175E,+01 .457E+01
78 .856E-04 -. 353E-04 .259E+02 .285E+01 .180E+01
79 .863E-04 -. 445E-04 .226E+02 .2709+01 .214E+01
80 .87ft-04 -. 541E-04 .187E+02 .258E+01 .247E+01
81 .879E-04 -. 638E-04 .143E+02 .2454+01 .279E+01
82 .888E-04 -. 738E-04 .940E+01 .232E.01 .311E+01
83 .897E-04 -. 854E-04 .317E+01 .219E+01 .346E+01
84 .903E-04 -. 945F-04 -. 201E+01 .210E+01 .372E+01
e5 .910E-04 -. 105E-03 -. 848E+01 .201E+01 .402E+01
86 .914E-04 -. 116E-03 -. 155E+02 .193E+01 .432E+01
87 .917E-04 -. 127E-03 -. 230E+02 .190E+01 .465E+01
88 .919E-04 -. 139E-03 -. 313E+02 .210E+01 .519E+01
89 .107E-03 -. 532E-04 .274E+02 .295E+01 .269E+01
90 .107E-03 -. 630E-04 .229E+02 .279E+01 .299E+01
91 .108E-03 -. 729E-04 .179E+02 .266E+01 .328E+01
92 .109E-03 -. 829E-04 .124E+02 .254•+01 .356E+01
93 .109E-03 -. 930E-04 .652E+01 .2435+01 .382E+01
94 .110E-03 -. 104E-03 -. 653E+00 .233E+01 .412E+01
95 .1106-03 -. 113E-03 -. 650E+01 .227E+01 .434E+01
96 .131E-03 -. 124E-03 -. 136E+02 .222E+01 .459E+01
97 .131E-03 -. 134E-03 -. 212E+02 .220E+01 .486E+01
98 .111E-03 -. 145E-03 -. 292E+02 .221E+01 .5146+01
99 .116E-03 -. 156E-03 -. 379E+02 .250E+01 .568E+01

lic .128E-03 -. 731E-04 .2636+02 .295E+01 .352E+01
101 .128E-03 -. 829E-04 .2075+02 .279E+01 .376E+01
102 .129E-03 -. 928E-04 .148E+02 .269E+01 .398E+01
103 .129E-03 -. 103E-03 .864E+01 .261E+01 .4196+01
104 .13PE-03 -. 112E-03 .211E+01 .256E+01 .440E+01
105 .1306-03 -. 125E-03 -. 659E+01 .2517+01 .466.+01
106 .130E-03 -. 132E-03 -. 119E+02 .249E+01 .482E+01107 .131E-03 -. 142E-03 -. 194E+02 .248E+01 .504E+01
108 .131E-03 -. 152E-03 -. 273E+02 .248E+01 .528E+01
109 .131E-03 -. 162E-03 -. 356E+02 .250E+01 .554E+01
120 .131E-03 -. 172E-03 -. 445E+02 .274E+01 .607E+01Ill. .149E-03 -. 939F,04 .226E+02 .290z+01 .410E+01
W1 .149E-03 -. 103E-03 .16EE+02 .280E+01 .431E+01
II-, .149E-03 -. 113E-03 .102E+02 .277E+01 .446E+01
114 .149E-03 -. 122E-03 .358E+01 .275E+01 .464E+01
its .150E-03 -. 131E-03 -. 328E+01 .274E+01 .483E+01
116 .150c-03 -. 143E-03 -. 124E+02 .273E+01 .507E+01
117 .150E-03 -. 150E-03 -. i78E+02 .273E,+01 .522E+01
lie .151E-03 -. 160E-03 -. 256E+02 .273E+01 .545E+01
119 .151E-03 -. 169E-03 -. 337E+02 .274E+01 -572Z+01
120 .151"-3 -. 179E-03 -. 423E+02 .273E+01 .6105+01
121 .1511-03 -. 189E-03 -. 526E602 .249E+01 .758E+01

r31
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Table 4.- Continued

(c) Mode 3, f 3 - 48.3482 Hz

Joint x y z dz/dx dz/dy

1 -. 420E-05 -. 166E-04 -. 829E-01 -. 246E-02 -. 245E-01
2 -. 466E-05 -. 1149-04 -. 2803-01 -. 492E-02 -. 131E-01
3 0. * 0. * 0. * 0. * 0. *
4 Q* * * 0. * 0. * 0. *
5 0. * 0. * 0. * 0. * 0. *
6 0. * 0. * 0. * 0. * 0. *"7 0. * 0. * 0. * 0. * 0. *
8 0. * 0. * 0. * 0. * 0. *
9 0. * 0. 0. * 0. * 0. *

10 .162E-04 .3533-04 .5663+00 .9483+00 -. 5233+00
11 .180E-04 .564E-04 .230E+01 .1143+01 -. 956E+00
12 -. 123E-04 -. 103E-04 -. 421E-02 -. 732E-03 -. 626E-02
13 -. 102E-04 -. 473E-05 .344E-01 .104E-01 -. 564E-02
14 -. 885E-05 -. 3843-05 .916E-01 .455F-01 -. 248E-01
15 -. 729E-05 -. 188E-05 .196E+00 .104E+00 -. 4853-01
16 -. 669E-05 .441E-06 .3713+00 .1983+00 -. 818E-01
17 -. 6583-05 .358&-05 .631E+00 .3373+00 -. 132E+00
18 -. 717E-05 .919E-05 .112E+01 .572E+00 -. 233E+00
19 -. 911E-05 .1723-04 .195E+01 .870E+00 -. 445E+00
20 -. 101E-04 .3623-04 .360E+01 .974E+00 -. 817E+00
21 -. 946E-05 .577E-04 .619E+01 .125E+01 -. 152E+01
22 -. 531E-05 .809E-04 .103E+02 .125E+01 -. 223E+01
23 -. 192E-04 -. 797E-05 .162E+00 .282E-01 -. 607E-01
24 -. 193E-04 -. 689E-05 .366E+00 .6,2E-01 -. 108E+00
25 -. 193E-04 -. 351E-05 .6943+00 .129E+00 -. 178E+00
26 -. 197E-04 .161E-05 .120E+01 .214E+00 -. 2763+00
27 -. 2053-04 .857E-05 .195E+01 .325E+00 -. 418E+00
28 -. 221E-04 .176E-04 .306E+01 .460E+00 -. 617E+00
29 -. 248E-04 .294E-04 .468E+01 .595E+00 -. 907E+00
30 -. 272E-04 .458E-04 .699E+01 .710E+00 -. 131E+01
31 -. 279E-04 .644E-04 .102E+02 .773E+00 -. 174E+01
32 -. 271z-04 .852F7-04 .143E+02 .8053÷00 -. 227+÷01
33 -. 262E-04 .107E-03 .200E+02 .480E+00 -. 311E+01
34 -. 347E-04 -. 835E-05 .714E+00 .143E-01 -. 203E+00
35 -. 368E-04 -. 307E-05 .125E+01 .346E-01 -. 306E+00
36 -. 3863-04 .458E-05 .202E+01 .605E-01 -. 449E+00
37 -. 406E-04 .144E-04 .313E+01 .951E-01 -. 635E+00
38 -. 429E-04 .262E-04 .464E+01 .131E+00 -. 870E+00
39 -. 457E-04 .407E-04 .676E+01 .158E+00 -. 118E+01
40 -. 480E-04 .565E-04 .932E+01 .154E+00 -. 151E+01
41 -. 496E-04 .745E-04 .1273+02 .114E+00 -. 190E+01
42 -. 504E-04 .946E-04 .168E+02 .132E-01 -. 232E+01
43 -. 506E-04 .117E-03 .219E+02 -. 1669+00 -. 279E+01
44 -. 503E-04 .140E-03 .284E+02 -. 791E+00 -. 363E+01
45 -. 614E-04 -. 431E-06 .145E+01 -. 204E+00 -. 387E+00
46 -. 639E-04 .960E-05 .236E+01 -. 2433+00 -. 554E+00
47 -. 664E-04 .218E-04 .362E+01 -. 287E+00 -. 755E+00
48 -. 690E-04 .356E-04 .529E+01 -. 336E+00 -. 993E+00
49 -. 716E-04 .511E-04 .744E+01 -. 402E+00 -. 1261+01
50 -. 741E-04 .687E-04 .102E+02 -. 496E+00 -. 158E+01
51 -. 761E-04 .865E-s4 .134E+02 -. 622E+00 -. 188E+01
52 -. 777E-04 .107E-03 .172E+02 -. 7953+00 -. 221E+01
53 -. 788E-04 .128E-03 .217E+02 -. 103E+01 -. 254E+01
54 -. 793E-04 .151E-03 .269E+02 -. 1353+01 -. 290E+01
55 -. 794E-04 .176E-03 .332E+02 -. 216E+01 -. 364E+01
56 -. 956E-04 .166E-04 .170E+01 -. 701E+00 -. 579E+00
57 -. 980E-04 .308E-04 .293E+01 -. 808E+00 -. 782E+00
58 -. 100E-03 .464E-04 .455E+01 -. 928e+00 -. )00E+01
59 -. 103E-03 .632E-04 .659E+01 -. 106E+01 -. 1243+01
60 -. 105E-03 .811E-04 .906E+01 -. 122E+01 -. 149E+01
61 -. 107E-03 .102E-03 .122E+02 -. 142E+01 -. 176E+01

.---------------.---.-..
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Table 4.- Continued

(c) Concluded

Joint x y z dz/dx z/y

62 -. 109R-03 .120z-03 .153E+02 -. 1623+01 -. 198R+o0
63 -.1113-03 .142z-03 .1912+02 -. 1083+01 -. 2223+01
64 -. 112c-03 .164W-03 .233&+02 -. 2193+01 -. 2443+0o
65 -. 1133-03 .1BB3-03 .2798+02 -. 258z+ol -. 2663+01
66 -. 1133-03 .213"-3 .334.+02 -. 343o+01 -. 3238+01
67 -. 13S3-03 .417"-04 .549B+00 -. 1463+01 -. 7213+00
68 -. 1368-03 .5873-04 .1963+01 -. 1629+01 -. 9203o0o
69 -. 1383-03 .768"-4 .372C.+01 -. 1803+01 -. 1123+01
70 -. 1403-03 .9573-04 .583z+•• -. 1995+01 -. 1322+01
71 -. 1423-03 .1152-03 .827+o01 -.2203+01 -. 1518+01
72 -. 1453-03 .139-03 .114+o02 -. 2463+01 -. 1713+01
73 -. 14613-03 .1573-03 .141B+02 -. 268E+01 -. 1845+01"74 -. 1483-03 .1793-03 .174z+02 -. 296E+01 -. 1975+01
75 -. 1493-03 .202"-03 .2083+02 -. 3283+01 -. 2073+01
76 -. 150&-03 .2263-03 .245E+02 -. 366E.01 -. 2163-01
77 -. 150E-03 .2503-03 .287E+02 -. 4393-01 -. 252r+01
78 -. 176E-03 .7333-04 -. 2873+01 -. 2383+01 -. 776E+00"79 -. 178178-03 .9233-04 -. 1463+01 -. 2569.01 -. 9463+00
80 -. 1793-03 .112"-03 .2193+00 -. 2763+01 -. 111r+•01
81 -. 1813-03 .1323-03 .2153+01 -. 2963+01 -. 1253+01
82 -. 1833-03 .1533-03 .431E+01 -. 3163+01 -. 1380+01
83 -. 1853r-03 .1773-03 .6983+01 -. 3413+01 -. 1493+01
84 -. 1863-03 .195E-03 .9133+01 -. 3612+01 -. 154.+01
85 -. 1873-03 .2173-03 .1173+02 -. 386E+01 -. 1573+01
86 -. 1883-03 .2403-03 .1433+02 -. 412E+01 -. 1573+01
87 -. 1893-03 .263E-03 .1683+02 -. 442E+01 -. 1543+01
88 -. 1893-03 .286E-03 .1963+02 -. 492E+01 -. 1689+01
89 -. 2203-03 .1103-03 -. 90813+01 -. 333•+01 -. 774E+00
90 -. 2213-03 .1303-03 -. 7773+01 -. 3473+01 -. 9093+00
91 -. 2223-03 .1513-03 -. 6273+01 -. 3633+01 -. 1023+01
92 -. 2233-03 .1713-03 -. 4613+01 -. 3793+01 -. 1113+01
93 -. 2253-03 .1923-03 -. 2833+01 -. 3943+01 -. 1173+01
94 -. 22613-03 .2163-03 -. 7483+00 -. 4123+01 -. 1193+01
95 -. 227E-03 .234E-03 .8573+00 -. 4263+01 -. 1183+01
96 -. 2283-03 .2563-03 .2673+01 -. 4423+01 -. 1149+01
97 -. 2293-03 .2773-03 .4393+01 -. 4583+01 -. 1063+01
98 -. 2293-03 .2993-03 .5963+01 -. 4753+01 -. 9502+00
99 -. 2293-03 .321E-03 .7423+01 -. 4973+01 -. 8913+00

100 -. 2643-03 .151E-03 -. 1793+02 -. 4103+01 -. 7858+00
101 -. 2653-03 .172"-03 -. 1663+02 -. 4143+01 -. 8783+00
102 -. 2653-03 .19213-03 -. 153E+02 -. 4233+01 -. 9353+00
103 -. 26613-03 .2123-03 -. 1393+02 -. 4313+01 -. 9613+00
104 -. 2673-03 .2323-03 -. 1243+02 -. 4383+01 -. 9573+00
105 -. 2683-03 .258r-03 -. 1073+02 -. 4483+01 -. 9103+00
1n6 -. 2693-03 .2733-03 -. 9733+01 -. 4533+01 -. 8633+00
107 -. 269E-03 .2933-03 -. 8523+01 -. 4603+01 -. 7643+00
108 -. 2703-03 .3140-03 -. 7483+01 -. 467.+01 -. 6369+00
109 -. 2703-03 .3353-03 -. 6673+01 -. 4733+01 -. 4753+00
110 -. 270E-03 .3563-03 -. 620E+01 -. 4773+01 -. 2583+00
111 -. 306c-03 .1943-03 -. 2823+02 -. 4483+01 -. 776E+00
112 -. 3073-03 .2143-03 -. 2693+02 -. 4431c+01 -. 870•+00
113 -. 3073-03 .2333-03 -. 2573+02 -. 4443+01 -. 8723+00
114 -. 3083-03 .252E-03 -. 2453+02 -. 4453+01 -. 8423+00
115 -. 3083-03 .272E-03 -. 2 i43+02 -. 4473+01 -. 7863+00
116 -. 3093-03 .2963-03 -. 221m+02 -. 4493+01 -. 6703+00117 -. 310E-03 .3103-03 -,2 !4+02 -. 4505+01 -. 5859+00
118 -. 3103-03 .3303-03 -. 2073+02 -. 4523+01 -. 4323+00
119 -. 3113-03 .3503-03 -. 2033+02 -. 4553+01, -. 238E+00
120 -. 3113-03 .369W-03 -. 2023+02 -. 4583+01 .4513-01
121 -. 3113-03 .3893-03 -. 2133+02 -. 474•+01 .1083+01

U_."...':!'.: .
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Table 4.- Continued

(d) Mode 4, f 4 " 91.5448 Ha

Joint x y z dz/dx dIz/y

1 .1633-05 .715r-05 -. 108zo01 .9501-01 -. 3793+00
2 .182r-05 .4"91-05 -. 4163.+00 .965Z-01 -. 3079+00
3 0. * 0. * 0. * 0. * 0. *
4 0. * 0. * Q. * 0. * 0. *
5 0. * 0. * 0. * 0. * 0. *
6 0. * 0. * 0. * 0. * 0.
7 0. * 0. * 0. * 0. * 0. *
8 0. * 0. * 0. * 0. * 0. *
9 0. * 0. * 0. * 0. * 0. *

10 -. 2763-05 -. 136E-04 -. 142E+01 -. 203E+00 .107E+01
11 -. 151E-05 -. 214E-04 -. 5225+01 .385E+00 .1713+01
12 .523E-05 .4251-05 .4823+00 .393E+00 -. 3033-,00
13 .4351-05 .171E-05 .1013+01 .619E+00 -. 2489+00
14 .389c-05 .104"-5 .143S+01 .876F,+00 -. 194B+00
15 .3513-05 -. 6581-07 .1733+01 .1073+01 -. 116E+00
16 .3723-U5 -. 126E-05 .1853+01 .115E+01 -. 1093-01
17 .427z-105 -. 269E-05 .177•+01 .111M+01 .1215+00
18 .537z-05 -. 506f-05 .1343+01 .9163+00 .Mr10[+00
19 .720z-05 -. 824E-05 .4363+00 .6043+00 .622Z+00
20 .9183-05 -. 155E-04 -. 1565+01 .531+30 .1183+01
iI .991S-05 -. 227S-04 -. 4923+01 .441E+00 .191z+01
22 .9488-05 -. 300E-04 -. 107E+02 .112E+01 .313E+01
23 .8562-05 .254E-05 .461E+01 .149E+01 -. 624E+00
24 .8743-05 .143E-05 .5673+01 .173E+01 -. 4713+00
25 .908"-05 -. 6803-06 .633E+01 .188-+01 -. 217E+00
26 .98A1-05 -. 328E-05 .646E+01 .190E+01 .664z-01
27 .110E-34 -. 633E-05 .601E+01 .180E+01 .378E+00
21 .126E-04 -. 9883-05 .4903+01 .1623+01 .726E+00
29 .147E-04 -. 142E-04 .3043+01 .1403+01 .114E+01
30 .168r-04 -. 196r-04 .2893+00 .1213+01 .164E+01
31 .1813-04 -. 251-,04 -. 3493+01 .112E+01 .2123+01
32 .188,-04 -. 308E-04 -. 837E+01 .116E+01 .268Z+01
33 .193E-04 -. 362E-04 -. 155E+02 .2143+01 .397E+01
34 .156E-04 .790E-06 .-.28E+02 .266E+01 -. 403E+00
35 .1663-04 -. 2373-05 .132E+02 .2603+01 -. 182E-01
36 .177E-04 -. ,17E-05 ,129E.02 .248E+01 .415E+00
37 .1913-04 -. 1033-04 .117E+02 .228E+01 .841E+00
38 .208E-04 -. 1463-04 .963E+01 .203E+01 .125E+01
39 .227E-04 -. 193E-04 .671E+01 .176M+01 .166E+01
40 .244F-04 -. 239E-04 .3295+01 .135E+01 .2033+01
41 .257E-04 -. 2843-04 -. 9533+00 .1423+01 .2373+01
42 .260,-04 -. 3293-04 -. 584E+01 .140M-01 .268e+01
43 .275E-04 -. 373E-04 -. 1143+02 .158E+01 .300E+01
44 .2813-04 -. 4133-04 -. 188E+02 .282E+01 .413E+01
45 .2603-04 -. 5083-05 .2173+02 .320E+01 .681E+00
46 .268E-04 -. 174E-05 .201E+02 .2803+01 .1123+01
47 .2793-04 -. 1453-04 .176E+02 .245F.+01 .1563+01
48 .292E-04 -. 192E-04 .144E+02 .210E+01 .1943+01
49 .306E-04 -. 236E-04 .1053+02 .177E+01 .224E+01
50 .319E-04 -. 2793-04 .598,+01 .151E+01 .247E+01
51 .330E-04 -. 3173-04 .1433+01 .136E+'fl .261E+01
52 .3403-04 -. 354E-04 -. 346E+01 .133E+01 .268Z+01
53 .3473-04 -. 3883-04 -. 8443+01 .145E+01 .268E+01
54 .3523-04 -. 4183-04 -. 134z+02 .1813+01 .267E+01
55 .356"104 -. 444E-04 -. 196E+02 .3253+01 .345E+01
56 .362E-04 -. 138.-04 .2653+02 .280E+01 .2233+01
57 .3663-04 -. 1P,,-04 .223E+02 .218E+01 .251E+01
58 .372E-04 -. 235•-04 .1763+02 .173E+01 .2743+01
59 .380E-04 -. 277E-04 .126E+02 .1363+01 .2853+01
60 .387E-04 -. 314z-04 .7553,+01 .1093+01 .286E+01
61 .395E-04 -. 349E-04 .216E+01 .9343+00 .274E+01

q4
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Table 4.- Continued

(d) Concluded

Joint x yz dz/dx dzi/iy

62 .400&-04 -. 376E-04 -. 2143+01 .9273+00 .2S53+01
63 .405"-4 -. 4029-04 -. 6403+01 .1073+01 .2272+01
64 .40W304 -. 4243-04 -. 1019+02 .1383+01 .1905+01
65 .4118-04 -. 4413-04 -. 130c+02 .1923+01 .1479+01
66 .4138-04 -. 4543-04 -. 160E+02 .331c+01 .1603+01
67 .441M-04 -. 232E-04 .2373+02 .1473+01 .3563+01
68 .441&-04 -. 2753-04 .1763+02 .8713+00 .3483+01
69 .4429-04 -. 3123-04 .118B+02 .5003+00 .3333+01
70 .444E-04 -. 3443-04 .636E+01 .2683+00 .3053+01
71 .446r-04 -. 371E-04 .1493+01 .171r+00 .267E+01
72 .4483-04 -3%63-04 -. 313E+01 .234z+00 .2123+01
73 .448a-4 -. 412"-4 -. 583E+01 .4003+00 .1623+01
74 .449E-04 -. 4273-04 -. 7943+01 .7253+00 .948s+00
75 .449E-04 -. 439E-04 -. 8793+01 .1193+01 .1743+00
76 .449E-04 -. 4469-04 -. 8183+01 .1813+01 -. 712c+00
77 .449E-04 -.449M-04 -.6133+01 .2743+01 -. 1493+01
78 .4883-04 -.312"-4 .130z+02 -.3953+00 .392z+01
79 .4853-04 -. 3439-04 .6903+01 -. 739z+00 .3433+01
80 .4823-04 -. 3683-04 .1723+01 .-.8813+00 .2863+01
81 .48013-04 -. 3883-04 -. 2423,+01 -. 8733+00 .2203+01
82 .478E-04 -.4043-04 -. 5383+01 -. 7413+00 .1463+01
83 .4753-04 -.419E-04 -.?165+01 -.453t,.00 .5343+00
84 .4733-04 - '2,c-04 -.728E+01 -.1593+00 -.242B+00
85 .4713-04 -.434E-04 -.5933+01 .2613+00 -.124s+01
86 .469E-04 -. 437E-04 -.281E+01 .7423+00 -.2359+01
87 .4683-04 -.438E-04 .2363+01 .1243+01 -.36519+01
a8 .467E-04 -.4353-04 .105E+02 .1253+01 -.5513+01
as .5053-04 -.369E-04 -.2493+01 -.2229+01 .2923+01
90 .5019-Ci -.386E-04 -.648E+01 -.2193+01 .2093+01
91 .497E-04 -.399E-04 -.9103+01 -.204E+01 .1223+01
92 .493E-04 -.4103-04 - .103E+02 -.1813+01 .313z+00
93 .4898-04 -.4173-04 -.9973+01 -.1513+01 -.6358+00
94 .414r,04 -.424E-04 -.771E+01 -.113E+01 -.1792+01
95 .4503-04 -.427"-4 -. 451E+01 -.834E+00 -.273E+01
96 .4773-04 - .4293-04 .8903+00 -.4883+00 -.392S+01
97 .4753-04 -.4283-04 .8343+01 -.114E+00 -.5269+01
98 .473r-04 -.4253-04 .182E+02 .213F-01 -.6883+01
99 .472E-04 -.421E-04 .3253+02 -.1329+01 -.9933+01

100 .503E-04 -.399304 -.1739+02 -.3503+01 .6773+00
101 .499E-04 -.4053-04 -. 1765+02 -.3083+01 -.2613+00
102 .4953-04 -.4103-04 -.1653+02 -.278E+01 -.1163+01
103 .4913C-04 -.415&-04 -.1413+02 -.2493+01 -.2102+01
104 .4863-04 -.4183-04 -.1013+02 -.2253+01 -.3103+01
105 .481z-04 -. 4213-04 -.275"+0 -.1993+01 -.4473+01
106 .4783-04 -.421E-04 .283E+01 -.18669+01 -.5363+01
107 .475c-04 -.4203-04 .1213+02 -.172E+01 -.6713+01
108 .4723-04 -.4173-04 .2373+02 -.1593+01 - .829E+01
109 .4713-04 -.413E-04 .3823+02 -.1508+01 -.1033+02
119 .4703-04 -.4083-04 .5833+02 -.275E+01 -.1423+02
ill .4973-04 - .407E-04 -.2623+02 -.3883+01 -.1703+01
112 .4943-04 -.4103-04 -.2293+02 -.3473+01 -.2653+01
113 .4903-04 -. 4129-04 -.1863+02 -.3403+01 -.3403+01
114 .4853-04 -.4149-04 -.1303+02 -.3343+01 -.4369+01
115 AD003-04 -.4153-04 -.5873+01 -.3303+01 -.5433+01
116 .47419-04 -.41519-04 .5573+01 -.3303+01 -.7003+01
117 .4703-04 -.4149-04 .1.368+02 -.3353+01 -.8053+01
118 .467r,04 -.4115-04 .2673+02 -.3429+01 -.9823+01
119 .464r,04 -.4083-04 .4288+02 -.3539+01 -.1213+02
120 .462r-04 -.40339-04 .6363+02 -.3593+01 -.1593+02
121 .4613-04 -.3983-04 .104E+03 -1068+01 -.3333+02
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Table 4.- Continued

(e) mode 5, f 5 - 110.1132 HS

Jolm x y z d~

1 -. 559-0S -. 2253-04 -. 525,-01 .171M-01 -. 2600-012 -. 6203-05 -. 1531-04 -. 2723-0l .2323-01 -. 3553-013 0. * 0. * 0. * 1. * . *4 0. * 0. * 0. * 0. * 0. *
S 0. * 0. * 0. 0. * 0. *6 0. * 0. * 0. * 0. * 0. *7 0. * 0. * 0. * 0. * 0. *
6 0. * 0. * 0. * 0. * 0. *9 0. * 00.* 0. * 0. *10 .197-.04 .4653-04 -. 2720 -. 2013&01 .2121•1111 .212.-04 .7413-04 -. 1213+02 -. 3733140 .377&.0112 -. 16 04 -. 1363-04 .8873-01 .709-01 -. 47"-0113 -. 1373-04 -. 623"-0S .1303.00 .10030.0 -. 406-01

14 -. 120-04 -. 4903-0S .11W.00 .9490-01 .1533-0215 -. 100@-04 -. 2164-05 -. 5e71-02 .355.-01 .619"-0116 -. 9443-05 .1043-OS -. 302•.00 -. 1163.00 .15064.017 -. 957"-0S .5273-05 -. 9213+00 -. 3003•00 .283300
18 -. 1073-04 .1263-04 -. 1923+01 -.6763100 .5713.019 -. 1363-04 .2333-04 -. 4003.01 -. 1513+01 .1233.0120 -. 156e-04 .4684-04 -. 8769+01 -. 1373+01 .2553.0121 -. 1553-04 .7628-04 -. 1713+02 -. 1286301 .4951+0122 -. 1063-04 .1063-03 -. 3508.02 .2603.01 .1013.0223 -. 260o-04 -. 10341-04 .6743.00 .2743400 -. 3549-0124 -. 2623-04 -. 0613-05 .5699+00 .2623.00 .7128-0125 -. ;161-04 -. 3783-05 .2133.00 .2463.00 .24735.026 -. 272-M04 .325"1.-S -. 596+.00 .1543.00 .492+0027 -. 2678-04 .1263-04 -. 2003.01 .9165-02 .837".0026 -.,313-04 .2451-04 -. 4243+01 -. 149+500 .1325+0129 -. 3533-04 .4003-04 -. 7703.01 -. 2013M00 .2053.0130 -. 3903-04 .6123-04 -. 198+.02 -. 7270-03 .3102+0131 -. 4043-04 .6S0-04 -. ;204302 .6535.00 .4243.0132 -. 3963-04 .1110-03 -. 3073602 .2033401 .56301w133 -. 3900-04 .139"-03 -.1013+02 .6I22.01 .1144.0234 -. 4719-04 -. 1003-04 .16m6.01 .6651+00 .1873.00
35 -. 4991-04 -. 2$5o-05 .1263.01 .706"5.0 .4333.0036 -. 55223-04 .794"-0S ."3&-01 .7363.00 .7563+0037 -. 554o-04 .2109-04 -. 1753+01 .7623.00 .1153.01
30 -. 569-04 .M55-04 -. 4413.01 .8391+00 .1603+0139 -. 6293-04 .5s33-04 -.614;&.01 .1053.01 .2153.01
40 -. 663-04 .7533-04 -. 1263.02 .1463.01 .2693+0141 -. 663-04 .9613-04 -. 162R.02 .220,+01 .3223.0142 -. 7033-04 .1233-03 -. 2473+02 .340.01 .366@.01
43 -. 7093-04 .15003 -. 3212+2 .5313"01 .4063.01
44 -. 7063-04 .1793-03 -. 4463.02 .113.+02 .7431#0145 -.6243-04 .1683-05 .3863.l .1403+01 .6050+00
46 -. 57s3-04 .1531-04 .2491.01 .1443+01 .9223+0047 -. 6903-04 .314M-04 .$213.00 .1543+01 .1253401
4 -. 9263-04 .4931-04 -. 2042+01 .1693+01 .1563.0149 -. 9623-04 .6903-04 -. $103+01 .1953+01 .1425+0150 -. 9973-04 .9123-04 -. 8638+01 .2386+01 .1963+0151 -. 1023-03 .1133.03 -. 12013.02 .297+.01 .1953.1•52 -. 105-03 .136u-o3 -. 1523.02 .3823.01 .1713+0153 -. 1063-03 .16413-03 -. 1762+02 .492B+01 .114.+0154 -. 1072-03 .1923-03 -. 187+.02 .636R.+01 .2163+0055 -. 106-03 .2231-03 -. 191W02 .9403.01 -. 2606-01
56 -. 126"-03 .2511-04 .6741301 .2133+01 .1113.0157 -. 1293--03 .436-N04 .4643+01 .2118.01 .1313.0150 -. 1323-03 .6363-04 .2263.01 .2163.01 .1433.0159 -. 133-03 .8471-04 -. 1643+00 .2323+01 .143"0160 -. 136f-03 .1073-03 -. 2423.01 .253.+01 .12534161 -. 141"-03 .1323-03 -. 4275.01 .29113.01 .821+.00

~A
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Table 4. - CoatLnmid

k (e) Concluded

Jit x yz dzzy

62 -. 144&403 .15310 -. 497W401 .32781-0 .2210
63 -. 1468-03 .1603-03 -. 435&-01 .372&-01 -. 71"6100
64 -. 147"-3 .307"-3 -. 1703.01 .4143.01 -. 2021-01
65 -. 1408-03 .2313-03 .3761-01 .4361-01 -. 381&01
"6 -. 1495-03 .364"-3 .1451-2 .3293.01 - .724".1
67 -. 1751503 .581"-4 .950&.01 .3226-0 .1483"1
66 -. 1773-03 .'76&404 .7073601 .2071-01 .136"1-
69 -. 179"-3 .. 023D-03 .4973.0 .1973.01 .1151.01
70 -.1613-3 .12S&-03 .3433.01 .1931-01 .7461-00
71 -. 1843&-03 .1493-03 .2753.01 .1902-01 .1623.00
72 -. 146&4-3 .176"-3 .343&-01 .101E. +01 -. 7603.-00
73 -. 1663-03 .19W103 .525w+01 .1773+01 -. 1606601
74 -. 19011-03 .224"-3 .9133.01 .1563+01 -. 2621-0
75 .1103 .251"-3 .1533.03 .1073+01 -. 425&-01
76 -. 192S-03 .278"-3 .2433+02 .5043-01 -. 606B.01
77 -. 1933-3 .3063-03 .4013.02 -. 4215+01 -. 1095.02
76 -. 2253-03 .9603-04 .1003+02 .1233.01 .15W301
79 -. 22619-03 .1210-03 .7773+01 .6313.00 .1103.01
60 -. 2263-03 .1451-03 .6363.01 .5011.00 .5743+00
61 -. 2303-03 .169"-3 .6003.01 .1"903.00 -. 9503-01
62 -. 231"-3 .1933C-03 .6793+01 -. 15M3.0 -. 8632+00
63 -. 234"-3 .221&-03 .9305+01 -. 6252+00 -. 18669+01
64 -. 23M3-3 .2433-03 .1245.02 -. 1158+01 -. 2613.01
65 -. 2368-03 .2663-3 .1743.02 -. 1936+01 -. 3543.01
Of -. 237"-3 .294"-3 .2393.02 -. 3042+01 -. 4478.01
67 -. 2363-03 .3203-03 .321z+02 -. 4722+01 -. 5513.01
66 -. 2383-03 .3473-03 .4543.02 -. 9699+01 -. 9515+01
69 -. 2753-3 .1433-03 .5493.01 -. 1053+01 .1273.01
90 -. 2763-3 .1678-03 .3893.01 -. 1539+01 .6063.00
91 -. 277Z-03 .191W03 .333M.01 -. 19630"1 -.3683.4
92 -. 2798-03 .215W03 .3823.01 -. 243F-01 -. 6"99300
93 -. 260R-03 .23U3-3 .5313+01 -. 2953+01 -. 1338+01
94 -. 2611D-03 .2663-03 .6103.01 -. 3623.01 -. 1983.O01
95 -. 2629-03 .2873-03 .109".2 -. 4273.01 -. 2329431
96 -. 283E-03 .3113-03 .1463.02 -5301 -. 2623.01
97 -. 2849-03 .336&-03 .1653+02 -. 6309+01 -. 2719+01
96 -. 2843-03 .3613-03 .2253.02 -. 7733.01 -. 2603.01"9 -. 2643-03 .3U6"-3 .2783.02 -. 1062.02 -. 4013.01

100 -. 3253D-03 .1919-03 -. 5573+01 -. 36"3.01 .6228+00
101 -. 3263-03 .2143-03 -. 6153+01 -. 4113+01 .1013-1
102 -. 3268-03 .23U4-3 -. 5999+01 -. 443R.01 -. 4693.00
103 -. 327z-03 .2613-03 -.5155.01 -. 4783.1 -.6513.00
104 -. 3268-3 .2643-3 -. 3853.01 -.5176.01 -. 1103.01
105 -. 32993-03 .3138-03 -. 1943.01 -. 5743.01 -. 1173.01
106 -. 329"-3 .3303-03 -. 9013.00 -. 6112.01 -. 1030+01
107 -. 33011-03 .354"-3 .3173-01 -. 6665.01 -. 56730+0
106 -. 3309-03 .377B-03 -.6979-01 -. 7369.01 .2453.00
109 -. 3313-3 .401"-3 -. 1913+01 -.6253.1 .1503.01
110 -. 3313-3 .4243-03 -. 6703+01 -.9653.0 .2813.01
111 -. 3733-03 .24039-03 -. 2113.02 -. 5713.01 .2951-01
112 -. 3739-03 .2633-03 -. 2073.02 -.5563.01 -. 4303.00
113 -. 3743-3 .2651-03 -. 2023.02 -. 5639.01 -. 5943.0
114 -. 374"-3 .3071-03 -. 1953+02 -. 5723.01 - .60954-00
115 -. 3751-03 .32919-03 -.163r.+02 -. 5603.01 -. 4293+00
116 -. 37619-03 .357R-03 -. 1903+02 -.5902+01 .2323.00
117 -. 376"-3 .3733-03 -. 1973C+02 -.5963*01 .3723.00
116 -..,7619-03 .395"-3 -. 2233+02 -. 6023+01 .2213.01
119 -. 3770-03 .4173-03 -. 2743*02 -. 6069.01 .4363i01
120 .377&403 .4403-03 -. 3753.02 -. 6093.01 .646"l0
121 -3771"03 .462&403 -. 7093.02 -. 6636+01 .2963*M

X~
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Table 4.- Continued

(f) Nods 6, ta a 140.2004 Us

Joki x y 2 dfz &

1 .2263.00 .90984-M -. 4543-01 -. 1164802 -. 2402-01
2 .2533.00 .6215+00 -. 6051-02 -. 3003043 -.5"404U
3 0. * 0. * 0. * 0. * 0.
4 0. * 0. * 0. * 0. * 0.
5 0. * 0. * 0. * 0. * 0.
6 0. * 0. * 0. * 0. & 0.
7 0. * 0. * 0. * 0. * 0.
a 0. * 0. * 0. * 0. * 0.
9 0. * 0. * 0. * 0. * 0.

10 -. 8424+00 -. 1098+01 -. 5328-02 .3153r-02 .675"-2
11 -. 9249+00 -. 302301 -. 9132-01 .706"l0 .3553-01
12 .6733.00M .5623+00 .4303-02 .5129-02 -.1IS11-02
13 .S5553.0 .2568+00 .745"-2 .4473-0 -. 4798-04
14 .4643.0 .20U3+00 .7333-0 .440432 .4#663-0
15 .4013+0 .973"01 .6191"02 .3691-02 .861"3-
if .3723+90 -. 2966-01 .443"0 .2808-u2 .1063-02
17 .37136-00 -. 200"0 .2693-02 .1633-02 .1061-02
16 .409N+00 -. 5033.-00 .1043-02 .7661043 .74283-0
19 .52l"0 -. 9323.00 .6741-03 .2891-3 5013-4M
20 .59M.0 -. 1953+01 .2583-02 .13916-02 -. 975"30
21 .5603.0 -. 310m.01 .106"-0 .6213-2 -. 4198-02
22 .3473.00 -. 4343.01 .3393-01 .2643-01 -. 1593-01
23 .1053.0 .4263.00 .2333-01 .0963102 .2001-02
24 .1053.0 .363.+00 .2393-01 .6793-0 .2123-02
25 .1066+01 .1743+00 .1691-01 .5293-02 .2933-02
26 .10631401 -. 1013.0 .1293-1 .3561-02 .3153-02
27 .1145.01 -. 4733.0 .7023--02 .1921-02 .2663-02
26 .1233+01 -. 961".0 .2263-02 .4721-03 .2043-02
29 .1363+01 -. 1603+01 -. 1040-03 -. 8113-03 .4210"3
30 .1523+01 -. 247M.0 .2353-2 -. 2153-02 -. 2773-02
31 .1573.01 -. 3463041 .1563.01 -. 4973-02 -. 1043-0132 .1533.01 -. 4563.01 .6033-01 -. 1663-01 -.331"-0
33 .1493+01 -. 5733.01 .3633.00 -. 1633.00 -. 2158.00
34 .1906.01 .437+040 .4290-01 .9753-2 .7103-0235 .2013+01 .1453.00 .2933-01 .4493-0 .6113-02
36 .2113.01 -. 2729+00 .1773-01l .2333-02 .5691-0
37 .1222301 -.6008M0 .7543-2 .6783-03 .4723-02
36 .2353.01 -. 1439+01 -.453-03 -. 6601-03 .3363-01
39 .2513.01 -. 2215.01 -. 5603-02 -. 2073t-02 .146B-02
40 .2643+01 -. 3043.01 -. 6333-2 -. 3923-oJ -.1098-02
41 .2733.01 -. 4000+01 -. 5628403 -. 7678-02 -.5591-02
42 .2763.1 -.5063.01 .1743-01 -. 1663-01l -. 1413-0
43 .2608.01 -. 6213.01 .6323-01 -. 4136-01 -. 3363-0144 .2795M0 -. 7442+01 . 309CM0 -. 20184.00 -. 1773600
45 .3333041 -. 735&-2 .2963-01 .2591-02 .9243.02
46 .3473.01 -.5523.00 .135"-1 -. 9123-04 .6839-0M
47 .3603.01 -. 1213.01 .1638-02 -.0103-03 .5263-02
46 .3743.01 -. 1953.01 -. 7163--02 -.1153r-02 .3713-02
49 .3663+01 -. 2779.01 -. 131"-1 -. 1543-02 .2258-02
50 .4031.0 -. 3700+01 -.1663-01 -. 2473-0 .6273i-0351 .4143.01 -. 463&.01 -. 17436-01 -. 4251-02 -. 46343-0
52 .4233.01 -.5663.0 -. 1583-1 -. 7763-02 -. 1695-02
53 .4293.01 -. 6613+01 -. 125"-0 -. 1373-01 -. 1791-02
54 .4323.01 -.6018.01 -. 1093-01 -. 2273-01 .2323-0255 .4333+01 -. 9263.01 -. 2398-01 -. 36010,1 .235"-1
56 .5163.01 -. 9373+00 .1408-02 -. 1613-02 .493-0257 .5263.01 -. 1708401 -. 6701-02 -. 6045-03 .32113-02
58 .540&.01 -. 235.041 -. 1206401 .5503-03 .2168-02
59 .5530.01 -. 3419.01 -.151-01 .1413-02 .1611-02
60 .5663.01 -. 4354.01 -. 1638"1 .1833-2 .1413-02
61 .5763.01 -.5143&.01 -. 2195-01 .17683-02 .1723-02

% __



Table 4.- Concluded

if) Conclcuded

join x z dz L

62 .5880+01 -.6400+01 -. 2510-01 .16410-02 .2403-02
63 .5973.0 -. 7310+01 -. 3040-01 .17919-02 .4230-02
64 .6030+01 -. 6663.01 -. 3939-01 .3713-2 .768"-2
is .6073.01 -. 9900401 -. 5476401 .9618-02 .13711-01
as .6090+01 - .1120+02 -. 9201401 .3001-01 .3633-0
67 .7200+01 -2200441 -.5S46002 .107&-02 -4400-03

VIM4tu1 -31631"1 -.5056-02 .499"-2 *~2170,-03
-~ 9 .74031.01 -4133.01 -. 5333-02 .6336-02 44011-03

70 .7503.01 -5123.01 -. 6709-02 .69730 .1243-02
71 .7613.01 -.6143.01 -. 9363-02 .7253-02 .198"-2
72 .7733+01 -. 7349+01 -. 11333-0 .7563-2 .2653-02
73 .7619+01 - 6303.01 -. 1673-01 .6263-2 .2773-2
74 .7VA3.0 -. 9433.01 -. 1993-01 .9723-2 .230D-02
75 .7958+01 -. 1063.02 -. 2009D-01 .11986-01 -. 3129-04
76 .7963.01 -.1163.02 -. 1106-01 .1353-01 -. 6353-02
77 .6003.01 -. 1313.02 .3956-01 -. 2243-02 -. 3533-01
76 .9373.01 -. 3953e.01 .2203-01l .1203-01 .2790-03
79 .9453.01 -. 4958+01 .206"-1 .1093-0 .132"-2
s0 .9523.01 -. 5973.01 .1773L-01 .1023-01 .2513-2
a1 .9613.01 -. 7011.01 .1353-01 .9210-02 .3033-0262 .9703.01 -.6072+01 .9063-2 .62111-02 . 2626-0263 .9790,601 -. 9303.01 .5643-02 .722&-02 .1413-2
64 .9663.01 -. 1033B02 .5509-02 .637S-02 -.5443-03
65 .9923.01 -. 1143.02 .10239-01 .4938-02 -. 4479-02
66 .9972.01 -. 1259+02 .2333-01 I1593-0 -. 109"-1
67 .1003+02 -. 137z+02 S512t-01 -7250-02 -. 2206-01
66 .1009.02 -. 1499+02 .1451+00 -. 563E-01 -. 7663041
69 .1163.02 - 5869.01 .5162-01 .1)03-01 .6603-02
90 .117&.02 -. 6929+01 .4063t-01 .6573-02 .6323-02
91 .1176.02 -. 7978+01 .3093-01 .5803-02 .S97z-02
92 .1163.02 -. 9033.01 .2271t-01 .3422-02 .4743-02
93 .1193.02 -. 1013.02 .1693-0 .1183-02 .2633-02
94 .1193.02 -. 1133.02 .1458-01 -. 1363-0 -.1623-03
95 .1203.01 -. 1223.2 .164"-1 -. 30430,2 -. 267"-0
96 .1203.01 -. 1333,.02 .2321-01 -. 7459-02 -. 6013-02
97 .1203.02 -. 144E+02 .3493-01 -. 1242-01 -.6903-02
96 .1210.02 -. 1563.02 .4963-1 -. 1663-0 -. 9733-02

99 .1213+02 -. 1670+02 .5S263r-01 ..1 0 .199"-2
100 .13"3.02 -. 7"99+01 .4030,01 .1623-02 .1063-1
101 .1393.02 -. 9033.01 .2413-01 -. 2409-02 .6733-02
102 .1393+02 -. 101M02 .1193-01 -. 48730,2 .Gen02
103 l140R+02 -. 1112+02 .2948-02 -. 6953-02 .4593-02
104 .1403.02 -. 1213.02 -. I513-02 -.6963t-02 .2308-02
105 .1413.02 -. 1343.02 -. 4643-02 -. 1153-01 -. 4410-03
106 .1413.02 -.14A.0O2 -. 3733-02 -. 1309-01 -. 1599-02
107 .1413.02 -. 1523.02 -. 6463-3 -. 1498-01 -. 2473-2
106 .1413.02 -. 1633+02 .3628-02 -. 1563-01 -. 2173-02
109 .141&+02 -.1731*02 .7943-02 -. 1208-01 .2263-03
110 .141v.02 -. 1643.02 .3213-02 .1433-01 .2413-01
ill .1603+02 -. 1023.02 -. 1369-01 -.1043-01 .7043-02
112 .1603.02 - .1122.02 -. 2619-01 -. 1165"1 .6613-02
113 .1603+02 -. 1223+02 -. 3538-01 -. 126"-1 .49513-02
114 .1613+02 -. 1319.02 -. 4173-01 -. 1373-01 .3065-02
115 .161&.02 -. 1410+02 -. 4533-01 -. 1469-01 .13M"-2
116 .1613.02 -.1S54302 -. 471S-01 -.1563-01 -. 9623-04
117 .1623"a -. 1619+02 -. 4663-1 -. 1673-01 -. 9600-03
116 .1623.02 -. 1713.02 -. 4393-01 -. 1843-01 -. 3193-02
119 .1623.02 -. 1613.02 -. 3338-01 -. 2173-01 -. 1043-0
120 .1625.02 -. 1913.02 .7093-02 -. 2973-01' -. 3663-0
121 .1623+02 -. 2012.02 .362B.00 -. 541"-2 -. 3323+00
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(a) Joint locatlons (b) Htod 1. fl - 14.1201 Us

II

(c) node 2. ,2 -50.9123 us (d) Hods 3. 13 68.9416 Ha

(.) mode 4, f4- 122.2556 Us (f) mode S, f' 160.5292 .s

SI.- Joint locations and contours of calculated modal
deflections for 2.5-foot solid model 2. Contour interval *

is 5.00.
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& &,

(a) Joint locations (b) Mode It fl - 9.5902 He

(c) Node 2, f2 31.1650 H. (d) Mods 3, f3 - 48.3482 1N

(el Mode 4, £f4 91.$446Mm H(f) Node, fs " 11U,113: Mm

+ ~Figure 2.,- Joint locations and contours of calculated modal •Sdeflectioum for 2l.5-foot w~eaned model 3. *contouri 5nterval 0. 5,00
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NATIONAL AERONAUTICS AND SPACRE ADEINISTRATION

TIBMICAL NOTE D-1616

MEASUFZD AND CAICULATED SUBSONIC AND TRANSONIC

FAmm CKARACTsRIsTICS OF A 450 SWERIBACK WING PLA1IOR4

IN AIR AND IN FRMON-12 IN TE LANGLEY

TRANSONIC DYNAMICS TUNNEL

By E. Carson Yates, Jr., Norman S. land,
and Jerome T. Foughner, Jr.

SUMMARY

In order to investigate the reliability of flutter data measured
in the Langley transonic dynamics tunnel, an experimental and theoretical
subsonic and transonic flutter study has been conducted in air and in
Freon-12 in this facility. The wing planform employed had an aspect
ratio of 4.0, a taper ratio of 0.6, and 450 of quarter-chord sweepback.
A sting-mounted full-span model was tested in addition to three sizes of
wall-mounted semispan models. A wide range of mass ratio was covered by
the tests in air and by flutter calculations made by the modified strip-
analysis method of NACA Research Memorandum L57L10. A limited amount of
data was obtained in Freon-12.

Results of the tests in air and in Freon-12 are in good agreement
with the flutter calculations at all Mach numbers. The test data com-
pare favorably with previously published transonic flutter data for the
same wing planform. The results indicate that flutter characteristics
obtained in Freon-12 may be interpreted directly as equivalent flutter
data in air at the same mass ratio and Mach number.

INTRODUCTION

In order to investigate the reliability of subsonic and transonic
flutter data obtained in the langley transonic dynamics tunnel, it is
desirable to compare flutter data obtained in this facility with flutter
data from another facility and with the results of proven theoretical
methods. This report shows such comparisons for a moderately swept,
moderately tapered, wing planform that has been the subject of previous
extensive experimental and theoretical flutter investigations. Since
the Langley transtnic dynamics tunnel is designed to use either air or
Freon-12 as a testing medium, flutter results were obtained in both
media. At a given temperature and pressure, Freon-12 is about four times
as dense as air and has a speed of sound 55 percent lower than that for
air. For dynamic testing, these properties make Freon-12 an attractive
alternate to air for the following reasons: (1) A given mass-density
ratio may be attained with heavier models, (2) data readout and test
observation are simplified because of slower time scale, and (3) at a
given Mach'number, much greater fluid density may be used with a given
amount of drive-motor power.

- i i I.
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The possibilities of using Freon-12 as a fluid for aerodynamic
testing have been examined in reference 1 where the thermodynamic prop-
erties were investigated. Reference 2 shows comparisons of steady-flow
aerodynamic coefficients measured in Freon-12 and in air for both swept
and unswept wings. Freon-12 was used as a medium for dynamic testing
in reference 3 where an experimental and analytical investigation of the
flutter of sweptback cantilever wings is reported.

The models tested in the present investigation had a panel aspect
ratio of 1.652, a panel taper ratio of 0.6576, a quarter-chord sweep-
back angle of 450, and NACA 65A004 airfoil sections in the stresmwise
direction. Reference 4 presents transonic flutter characteristics of
this wing planform as obtained in the langley transonic blowdown tunnel.
References 5 to 7 present subsonic, transonic, and supersonic flutter
characteristics for this wing planform as calculated by the modified
strip-analysis method of reference 5, and good agreement is shown with
the experimental data of reference 4.

Resultii of the present flutter tests in air at Mach numbers from
0. 34 to 1.14 are also compared with correspond2.ng calculations made by
the method of reference 5 and with the experimental data of reference 4.
A limited amount of flutter data measured in Freon-12 at Mach numbers
from 0.73 to 1.00 is compared with similar calculations.

A comparison, based on a limited amount of data, was obtained in
air between flutter characteristics of wall-mounted semispan models and
sting-mounted full-span models at low Mach numbers.

ac'n nondimensional distance from midchord to local aerodynamic
center (for steady flow) measured perpendicular to elastic
axis, positive rearward, fraction of semichord measured
perpendicular to elastic axis (called acn in refs. 5 to 7)

bs streauwise semichord measured at wing root

bt streamwise semichord measured at wing tip

cl local lift-curve slope for a section normal to elastic axis
cL,n in steady flow

cn section normal-force coefficient

•n - Cn,F " cnA

El bending stiffness

GJ torsional stiffness

fh,i natural frequency of wing in ith coupled bending mode

f t, natural frequency of wing in Jth coupled torsion mode

fm natural frequency of wing in first uncoupled torsion mode

--. . ...
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-knr reduced frequency based on velocity component normal to elastic
axis and on semichord normal to elastic axis at 0.75 spanwise
station

M Mach number

ii measured wing panel mass

q dynamic pressure

s wing panel span

V stream velocity

V volume of a conical frustum having streamwise root chord as
lower base diameter, streamwise tip chord as upper base
diameter, and panel span as height

nondimensional coordinate along elastic axis measured from
wing root, fraction of elastic axis length

Aea sweep angle of wing elastic axis, positive for sweepback

m

mass ratio,

P test-medium mass density

a) flutter frequency

natural circular frequency of wing in first uncoupled torsion
mode, 2*fff

Subscripts:

A air

F Freon-12

calc calculated

meas measured

MODELS

Model Geometry

The models tested had a panel aspect ratio of 1.6525, a panel taper
ratio of 0.6576, a quarter-chord sweepback angle of 450, and NACA 65Aoo4
airfoil sections in the streemwise direction. These values of panel
aspect ratio and panel taper ratio coincide with those' of reference 4
and correspond to a full-span wing of aspect ratio 4.0 and taper ratio 0.6
which is mounted on a fuselage that covers 21.90 percent of the wing span.
Figure 1 gives the wing panel dimensions of the sting-mounted full-span
model and of the three sizes of wall-mounted semispan models employed in
this investigation. The full-span model was mounted at 00 incidence on
an 8-inch-diameter ogive-cylinder fuselage. The ratio of fuselage diam-

i..
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eter to wing span for this model was 0.22, the same as for the models
of reference 4. Figure 2 shows the 3.00-foot full-span (1. 167-foot
panel span) model mounted on the fuselage. It should be noted particu-
larly that the present full-span model had a fuselage of limited nose
length, whereas the models of reference 4 were mounted on an elongated
sting fuselage that extended into the subsonic flow region of the tunnel
entrance cone.

Model Construction

The models were constructed of laminated mahogany and hence were
essentially homogeneous like those of reference 4. Figure 2 shows a
photograph of the solid full-span model and figure 3 shows a typical
solid semispan model.

In order to obtain flutter throughout the tunnel Mach number and
density ranges, it was necessary to reduce the stiffness of some of the
models. Six of the 2.500-foot wall-mounted semispan models were reduced
in stiffness by drilling holes through the wing normal to the chord plane,
as described In reference 8. A rigid foam plastic was used as a filler
to maintain aerodynamic continuity without appreciably altering the
stiffness of the perforated wing. A model in which the stiffness was
reduced in this manner is referred to herein as a weakened model. (See
figs. 4 and 5.)

Model Identification

The modeJs tested are divided into sting-mounted full-span model
and wall-mounted semispan models. Only a single full-span model (fig. 1)
we: tested. 7he wall-mounzed Eemispan models are subdivided into solid
models of 1.250-foot, 2.500-foot, and 3.750-foot panel span; and weakened
models of 2.500-foot panel span. In only two cases, the 2.500-foot solid
and weakened semispan series, were more than one model tested. Individ-
ual models of these two series are designated in the tables by numbers.
Due to close similarity of the model properties in these series, no dis-
tinction is made between individual models in the figures.

Model Physical Properties

Some model physical properties are indicated in table I which -re-
sents the measured frequencies of the first four vibrational modes for
each model together with the wing panel mass. A description of the method
of frequency measurement is given in reference 9. Representative node-
line patterns for all the semispan models and for the full-span model
are shown in figures 6 and 7, respectively.

The distributions of the bending and torsional stiffnesses, EI
and GJ, for all of the models were measured by the method described in
reference 8. Figures 8 to 10 show the measured distributions of EI
and GJ for representative models.

__
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UmM AND APPAA

Oeneral Description of Tunnel

The Langley transonic dynamics tunnel, shown in figure 1U, is a
return-flow, varlable-pressure, slotted-throat tunnel having a test
section 16 feet square (with cropped corners). It is capable of opera-
tion at stagnation pressures from near vacuum to slightly above one
ateospbfre and at Mach numbers from 0 to 1.2. The tunnel is designed
to use either air or Freon-12 as the test medium. Curves showing the
tunnel operating ranges are presented in figure 12 for air and in fig-
ure 13 for Freon-12. This tunnel is particularly suited to flutter
research and general dynamic testing because Mach number and dynamic
pressure can be varied independently. In addition, the tunnel is equipped
with a quick-opening bypass valve (fig. 11) which can be opened when
flutter occurs in order to reduce rapidly the dynamic pressure in the
test section.

Model Mounts

The semispan models were mounted cantilevered from the tunnel test-
section wall with no provision made to avoid the wall boundary layer.
Figure 5 is a photograph of a weakened semispan model mounted in the tun-
nel in this manner.

The full-span model was sting-mounted and locatad on the tunnel cen-
ter line. The fundamental bending frequency of the sting support with
model installed was 5.6 cycles per second as compared with the lowest
model frequency (first bending) of 30.6 cycles per second.

Instrumentation

Each model was instrumented with strain gages externally mounted
near the wing root and oriented so as to distinguish between wing bending
and torsional deflections. The strain-gage signals were recorded on a
multichannel oscillograph and displayed on a cathode-ray oscilloscope to
aid the model observer in determining the approach of flutter. Asual
records of wing deflections were obtained from 16-mm motion pictures
taken at 128 frames per second. During tests of the sting-mounted full-
span model, sting displacements were indicated by an accelerometer
attached to the fuselage.

Tunnel stagnation temperature, stagnation pressure, and static
pressure were measured and automatically tabulated for each test point.
For tests in Freon-12, the Freon purity was measured by a purity meter
based on the variation of thermal conductivity with the Freon content
of the testing medium. For the present tests, Freon-12 purity was always
above 91 percent by volume (or 98 percent by weight).

FWUI' TEST PROCEDRE

The tests were conducted with the model set at a condition of zero
total lift. This setting was attained by monitoring the oscillograph
traces of the bending-moment gages while the tunnel was at a low dynamic
pressure and adjusting the model angle of attack so that the root bending

V., .
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moment was zero.

The initial step in obtaining a flutter point was to estimate the
model flutter boundary by using the data of reference 4 as a guide. A
tunnel stagnation pressure was then selected to intersect this estimated
boundary near a desired Hach number. Model data and tunnel conditions
were recorded at intervals as the dynamic pressure was slovly increased.
After a flutter condition was established, an attempt was made to save
the model by reducing the dynamic pressure as quickly as possible by
opening the tunnel bypass valve and by reducing the tunnel fan speed.
These attempts were successful to the extent that only seven models were
damaged in obtaining 25 flutter points.

The accuracy of determining the dynamic pressure at flutter In these
tests Is considered to be k2 pounds per square foot.

FIUTMM CATLULATIONS

All flutter calculations of this investigation were made by the
modified-strip-analysis method of references 5 and 6. This method employs
spanvise distributions of lift and pitching moment derived from distribu-
tions of aerodynamic parameters associated with the undeformed wing in
steady flow.

In all the present calculations, three calculated uncoupled vibra-
tional modes (first and second bending and first torsion) were employed.
The modal frequencies (table I) for each model, however, were obtained
from measured coupled-mode frequencies. As in the procedure of refer-
ence 4, measured frequencies for coupled bending modes were used directly
as uncoupled bending-mode frequencies. Measured coupled torsion-mode
frequencies were "uncoupled" by means of the relation used in reference 4.
The node-line positions for the present models (figs. 6 and 7) indicate
that the natural modes for these models are not highly coupled; there-
fore, this procedure should give reasonably accurate estimates of the
uncoupled-mode frequencies.

As mentioned previously, the unweakened (solid) models were of
essentially homogeneous construction. Although the weakened models were
not homogeneous, the foam-plastic-filled holes in them were spaced fairly
uniformly over the wing surface. Accordingly, all models were treated
as homogeneous in the flutter calculations.

In all calculations the models were considered to be cantilevered
from the root. This condition should be correct for the wall-mounted
models, but some root motion did occur for the sting-mounted model.

Calculations Corresponding to Tests ir Air

For each flutter point measured in air at Mach number less than 1.0,
the corresponding flutter calculation was based on t~e mass and stiffness
properties of the model tested and on the experimental values of Mach
number and flow density. In these calculations the required spanwise
distributions of steady-flow section lift-curve slope and local aero-
dynamic center were calculated from subsonic lifting-surface theory,
essentially that of reference 10. In addition to the subsonic calcula-
tions, a calculation was made for model 3 of the 2.500-foot weakened

.701L
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series at a Mach number of 1 1. 154?0 end at the density associated

vith the =sured flutter point at N n 1.11. herodynomic parmters
for this calculation wyre obtained from the supersonic lifting-surface
theory of reference 11.

In additln to these theoretical aerodynamic parameters, some exper-
1mntally determined distributions of section lift-curve slope and local
merodynode center were used in flutter calculations at Mach numbers
from 0.6 to 1.2. These measured aerodynamic parameters have been used
previously in flutter calculations for other wings of the present plan-
form and are shown In figures 1 and 2 of reference 6. For the present
flutter calculations employing measured aerodynamic parnmeters, the
densities used vere those associated with the experimental flutter point
at the nearest adjacent Mach number.

Finally, serodynamic parmters calculated from the subsonic and
supersonic lifting-surface theories were emplored in flutter calculations
for model 3 of the 2.5O0-foot weakened series at Mach numbers of 0, 0.90,

and and at several values of density in order to show the variation

of flutter-speed coefficient with density (or mLAs ratio).

Calculations Corresponding to Tests in Fre.n-12

Flutter calculations correspondin to flutter points measured in
Freon-12 followed the general procedure outlined previously, except that
the aerodynamic parameters were modified to account for the difference
between Freon-12 and air. Reference 2 shoved that at a given subsonic
or transonic Mach nimber, steady-flow aerodynamic coefficients easured
in Freon-12 can be significantly higher than those measured in air, the
differences rising to about 10 percent at Mach numbers near 1.0. In
addition, reference 2 shoved that pitching ment and normal force vere
affected in the same way and to about the sase extent. The differences
betveen air and Freon-12 thus manifested themselves as differences in
load levels but did not change loading centers. Accordingly, in the
flutter calculations these differences between air and Freon-12 were
accounted for by increasing the section lift-curve slope for the Freon-12
calculations by a traction which varied vith Mach number as shown for
two-dimensional wings in figure 16 of reference 2. In accordance with
the modified-strip-analysis procedure as given in reference 5, this lift-
curve-slope correction was determined by the Mach number component normal
to the leading edge. No alterations were made in the serodynamic-center
locations. Thus, since lift and normal force approach each other at
vanishingly smell angles of attack, the corrections of the aerodynamic
parameters used in the flutter calculations for Freon-12 were made as
follows:

('ac, n)y c

and

(ac~n~ -(2)
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Whe • o % -emA Is given an a function of Mach number in fig-

ure, 14 (from fig. 36 at ref. 2).

-'WU AND DIWIM

f lautr data assured in sir sad in Freoo-12 for 1 models are
ummariAsed I tables n D XXI sad ane shown In relation to the tunnel

operating boundArele In figures 12 and 13. It Is evident that a number
of the flutter points In both air and Freon-.2 were reached at dynamic
pressures near the maixam obtainable.

M- reages of mas ratio sad Mach number cowered in the preent
tests both in air snd in Freoo-32 are showr in figure 15. Nest of the
points shown Ile in the mass-ratio range 8.4 < ; < 69.7 sad hence
would be pertinent, for example, to current fighter-type airplanes at
low to moderate altitude. On the other hand, the comparatively high
ause ratios shown for the 2.500-foot weakened models in air would be
appropriate for modern airplanes at very high altitude.

Figure 16 shows the measured flutter-speed coefficients and flutter-
frequency ratios which correspond to the test conditions of figure 15.
The flutter speeds and frequencies for each seried of models in either
air or Freon-12 appear to be consistent among themselves. Hovever, large
differences exist between results for the weakened models In air and In
Freon-12 and between results for the weakened and solid models in Freon-12.
The sequel will show that these differences are caused primarily by dif-
ferences In mass ratio (fig. 15).

Air

The closeness of the three measured flutter points at Mach numbers
0.95 to 0.96 for model 3 of the 2.500-foot weakened semispan series
(fig. 16) indicates excellent repeatability of the present flutter tests
in the transonic dynsmics tunnel. Furthermore, the flutter points for
the 2.500-foot solid and weakened vall-mounted models are close together.
Figure 16 shovu that the single flutter point for the 3.750-foot solid
wall-mounted model is in close proximity to the data for the 2.500-foot
solid models. No flutter was obtained, however, on the 1.250-foot solid
wall-mounted model. The no-flutter points shown for this model represent
the w- 'aum tunnel dynamic pressure attainable in air (fig. 12).

Tests of the 2.500-foot weakened models indicate an upturn of the
flutter-speed-coefficient curve as Mach number decreases toward 0.3.
This upturn is attributed to the accompanying decrease in wass ratio
(fig. 15). References 7 cnd 12 have shown that for a given Mach number,
flutter-speed coefficient typically increases as mass ratio decreases.

Figure 16 shows that the subsonic flutter speeds recorded for the
sting-mounted full-span model compare very favorably with the data for
the wall-mounted semispan models. Although the stg-mounted model
experienced aome bounce at the sting first bending frequency (5.6 cycles
per second), ÷'- -omponent of wing-root flutter motion at the flutter
fv"u'- (65 ..s per second) was of the order of only 0.0025 inch.
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llUtter sped4 and frequenciee for the wall-mounted models cal-
culted b the -- tio aof rfremoe and employing both theoretical and
meured sleafu•-3l st6moieo palinters an In good agreement with
the experimeta l flutter data thra•uout the Hub naber swap (rig. 17).
Mn .11 oases the oeauated fluttar-speed eoefficienta are within about

6 percent or the measured values. In reference 6p flutter calculations
made by the same procedure employed In the present report showed good
agreement with the flutter data of reference 4 for the same wing plan-
form. For the sting-mounted model the calculated flutter-speed coeffi-
clent Is slightly higher than the measuzed points. The fact that root
freedem van not taken Into account In the calculations Is believed to
effect moat of this difference.

Freon-12

Figure 18 hWs calculated flutter speeds for Freon-12 to be in
satisfactory agreement with measured values, although there are aignif-
cant differences between the levels of flutter-speed coefficient for

wakened and solid models. It should be pointed out that the experi-
mentally determined aerodynamic coefficients used in some of the flutter
calculations were measured on 6-pereent-thlck wings rather than on
i-pereent-thick wings which were flutter tested. (See also ref. 6.) If
distributions of section aerodynsmic coefficients were available for
i-percent-thick wings, the calculated flutter speeds In Freon-32 end In
air would be expected to be slightly higher at Mach numbers near 1.0 and
In slightly better agreement with experiment. Reference 6 Indicates that
use of measured aerodynamic parameters for a 4-pereent-thick wing might
be expected to result In a aomewhat shallower dip in the calculated flut-
ter speeds for Much numbers near 1.0.

Mhe reason for the discrepancy between calculated values of flutter
speed and frequency and the single measured flutter point at Mach num-
ber 1.0 Is not known. It is thought, however, that the low level of
measured flutter speed and frequency at this Mach number may be asso-
ciated with disturbances reflected from the tunnel walls.

As mentioned previously, the flutter calculations shown In fig-
ure 18 Included a cull modification to the section 11ft-curve slopes
in order to account for the difference between aerodynaeic-load inten-
sities In Freon-12 and in air. Bapplementary calculations have shown
that neglecting this correction would result in calculated flutter speeds
slightly higher (4 percent or less) than those shown in figure 18.
Neglecting this correction would Improve slightly the comparison between

z calculated and measured flutter speeds for the solid wings (fig. 18) but
would have a slightly adverse effect on the comparisons for the weakened
vings. 7herefore, the present flutter points do not give a clear-cut
Indication of the appropriateness of this correction. In any event, for
subsonic mad transonic NWA numbers the correction appers to have only
a small effect on the present flutter speeds. It appears, therefore,
that the correction my be reasonably neglected In the 'interpretation
of Freon-12 flutter data In terms of equivalent air data for planforma
similar to the present one. That Is, flutter data obtained In Frean-12

may be Interpreted directly as flutter data In air at the sam ass ratio
and Mach number. This direct Interpretation would result In a slightly

conservative estlmate of the flutter boundary. Hoewever, for purposes of
estimating the flutter boundar7 for a model that Is to be tested In Freon,
the correction probably should be used.
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Zt shouLd be eurms that theme statments am pertinent only to
a single aab flutter), mad the present Investigation Is limited
to a single planform. For ings with planforms mIsIlficantly different
rM the present, for hler Nch numbers, for other serodynmiec shape.,
or for other hanomenam sm correction of Fzuon data my be required.

Stfect of "as Ratio

Plar 16 shms that at a given Mach nudber, sigificant differences
exist in the levels of treasoic flutter-speed coefficients between tests
In sir and In Freon-12 and between tests of soUd and weakened models in
Freon-12. The jood agreement between calculated and measured flutter
speeds (figs. 17(a) ard 18(a)), however, indicates that these sizable
differences ire caused predominantly by differences in mass ratio. In
spite of the lag range of mass ratio covered by the present tests,
flutter characteristics measured both In air sad Freos-12 are satisfac-
torily correlated by the modified strip analysis (fig. 19).

Ont effects of mas-ratio variation an subsonic end supersonic flut-
ter characteristics for a variety of wing planforms have been studied
theoretically in references 7 and 12. Similar effects of mass ratio (or
density) a" shown for the present vings in figures 20 and 21. It should
be noted specifically In figure 20 that flutter-speed coefficient becomes
very sensitive to density changes when the density level is low. In
other words, at low densities small discrepancies in density can lead to
large deviations In flutter-speed coefficient. Therefore, there my be
reason to doubt that the present close agreement betveen measured and
calculated flutter speeds could be generally obtained at the low density
levels associated with some of the tests in air. However, figure 21
show that the flutter reduced frequency for a given ving generally
decreases as density decreases. As indicated in reference 5 the flutter-
analysis method employed herein would be expected to become more accurate
as reduced frequency decreases.

Comparison With Data From the Langley Transonic Blowdown Tunnel

In figure 22 all the flutter speeds and frequencies measured in the
Langley transonic dynamics tunnel are compared with the flutter data of
reference 14 which vwre obtained In the ITnley transonic blovdovn tunnel.
Althou the data from the two facilities overlap only In the transonic
range, the two sets of flutter speeds and frequencies appear to be
generr-ly consistent with each other. At Nach numbers below 1.0, the
mass ratios associated with the data of reference i4 lie between those
for the present tests of the 2.500-foot weakened models in air and in
Freon-22 (fig. 22). Consequently most of the flutter-speed points from
reference 4 lie near or between the curves for the weakened models in
sir and In r*eon-12. At Nach mabers above 1.0, macs ratios for the
present tests In air In the transonic dynamics tunnel are much higher
than those for the tests In the transonic blowdova tunnel ; therefore,
the present flutter-speed coefficients are lover thdn those from
reference .

The consistency of the present data with those of reference
(fig. 22) Is supported by calculations by the method of reference 5. In
particular, these calculations (fig. 20) indicate that for a given Mach

anuber, lover flutter-speed coefficients would be associated with higher
mass-ratio values. (See also, for example, figs. 48 and 59 of ref. 7.)jM calcul~ations also Indicate that flutter-speed coefficients are more
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sensitive to mao-ratio differenees st supersonic Mach numbers then In
the subsonic range.

AM expertmntal subsonic and transonic flutter lnvestigation of a
iiOsweptbaok wing planform has been conducted In air In the Zw4;1ey

transonic dynamios tunnel. A limited moat of data was also obtained
In Freon-12. Ou rlsmons of the results with ororesponding theoretical
analyses and with experimental results fro another facillty indicate
the folloving conclusions:

1. Flutter data wasured In the iansley transonic 4ynamics tunnel
appear to be pnerally consistent v1th flutter data obtained in the
langley transonle blwdown tunnel.

2. Subsonic and transonic flUtter characteristics obtained In
freon-12 my reasonably be Interpreted directly as equivalent flutter
data in air at the am mas ratio and Mach number. This direct Inter-
pretation, however, vould result In a slghtly conservative estimte of
the flutter boundary.

3. At all Mach nmbers, flutter calculations made by a modified-
strip-analysis method are In good ap•eemnt vith the wauured flutter
data In both air and Freon-12.

o. The differences between subsonic flutter characteristics measured
with 2.50-foot and 3.7WO-fOot wall-mounted semispan models are lasig-
nitfeant. Subsonic flutter characteristics for the sting-mounted full-
span model compare favorably with the flutter data for the vall-mounted
semispan models.

5. The wide range of mass ratio covered in this investigation caused
sizable differences in flutter-speed coefficients (for a given Mach num-
ber) both experintally and theoreticalW.

langley Pesearch Center,
National Aeronutics and Space Administration,

langley Air Force Base, Va.., March 6, 1962.

- - _ _ _ _ _ _ -
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Figure 8- Measured distribuation of bending stiffness for representative
semispan models.
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Figure 10.- Measured distributions of bending and torsional stiffness for
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